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ABSTRACT

T h e nonmarine strata of the Bighorn Basin, lying between the Late Jurassic Sundance
Formation and the Early Cretaceous Thermopolis Shale, have been subdivided into
three formal units: the Morrison, Cloverly and Sykes Mountain Formations. Application of these terms to actual outcropping rock units has been quite inconsistent, and
considerable confusion and disagreement exist over formation boundary positions.
Traverses around the periphery of the Bighorn Basin and across adjacent areas to the
north, west and south established the existence of seven distinctive lithic units. These
are: a lowermost, drab gray, calcareous claystone; a massive, brilliant white, quartzchert sandstone (in the southern part of the Basin); a variegated gray-green or pink,
calcareous claystone; a massive, black chert, coarse sandstone or conglomerate (in the
northern part of the Basin) ; a drab gray to white or pastel-colored, bentonitic and noncalcareous claystone rich in chalcedonic and baritic concretions; a discontinuous series
of coarse, yellow to ochre-colored, clay-rich, feldspathic channel sands; and a brightly
variegated, noncalcareous, bentonitic claystone rich in polished, siliceous pebbles and
cobbles ("gastroliths" of some authors). These seven units have been designated here
by informal terms: Unit I to Unit V I I . Units I through I I I are considered as the
Morrison Formation. Units I V through V I I correspond wholly or in part with the Pryor
Conglomerate, Little Sheep Mudstone and Himes Mudstone Members of the Cloverly
Formation, as that formation was defined by Moberly (1960). Units V I and V I I and
the lower sands (Unit V I I I ) of the overlying Sykes Mountain Formation correspond
to the Cloverly Formation as it was defined by Darton in 1906. Some authors have
applied the term Morrison to the entire nonmarine sequence and limited the Cloverly
Formation to basal sands (Unit V I I I ) of Moberly's Sykes Mountain Formation. In
order to provide a meaningful stratigraphic foundation for placement of the paleontologic collections obtained, the stratigraphic sections and terminology usage of previous workers are compared in detail with the informal lithic units recognized in this
study.
Extensive collections of fossil vertebrate remains were made from Units V, V I and
V I I . T h e fauna, as presently known, is considerably less diverse than that of the
Morrison Formation of other regions. It includes a new species of Ceratodus (C.
frazieri), an indeterminate amioid, two baenoid turtles (Naomichelys speciosa Hay,
1908 and Glyptops pervicax Hay, 1908), a possible testudinid, indeterminate mesosuchian crocodilians, and several theropods (Deinonychus antirrhopus Ostrom, 1969;
Microvenator celer [new genus and species]; an undefinable species of
Ornithomimus;
and an undefinable, but distinctive, large theropod. Also, of greatest abundance, are
remains of a titanosaurid sauropod, a new genus and species of iguanodontid ornithopod (Tenontosaurus tilletti) and a new genus and species of acanthopholid ankylosaur (Sauropelta edwardsi). Despite extensive washing and sieving, no mammalian or
other microfaunal remains were recovered.
1
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T h e Gloverly fauna is totally distinct from that of the classical Morrison Formation. With the possible exception of the crocodilian remains, not a single Cloverly
specimen is referable to a taxon presently known from the Morrison Formation. On
the other hand, the few fragmentary vertebrate fossils that have been recovered from
Units I, I I and I I I in the study area are referable to well-established Morrison taxa.
In addition, all specimens now known from the Cloverly Formation (Units V, V I and
V I I ) appear to have closer affinities with Late Cretaceous taxa than with Morrison
species. This may be explained by either a major environmental change or a significant time hiatus between Morrison and Cloverly time, or both. Comparison with faunas from the Arundel Formation of Maryland, the Glen Rose Formation (Trinity
Group) of Texas and Oklahoma, and the Wealden beds of northwestern Europe indicate at least partial contemporaneity of the Gloverly and Glen Rose Formations and a
somewhat greater age for the Arundel and Wealden beds. T h e age of the Cloverly, on
the bases of fossil invertebrate and paleobotanical evidence, as well as the fossil vertebrates, is probably Late Aptian and Early Albian.

ZUSAMMENFASSUNG
Die nichtmarine Schicht des Bighornbeckens, die zwischen der Spat-Jura Sundance Formation u n d dem Friih-Kreide T h e r m o p o l i s Schieferton liegt, wurde
in drei wesentliche G r u p p e n unterteilt: Die Morrison, Cloverly u n d Sykes
M o u n t a i n Formationen. Die A n w e n d u n g dieser Bezeichnungen auf die gegenwartig zutage tretenden Gesteinsgruppen ist ziemlich unsicher, u n d es besteht
viel U n k l a r h e i t u n d Uneinigkeit iiber die Formationsbegrenzungen. Traversen
entlang des Randes des Bighornbeckens sowie durch angrenzende Gebiete im
Norden, Westen u n d Siiden lassen sieben wesentliche Gesteinsschichten erkennen: zuunterst grauer, kalkhaltiger Tonstein; massiger, diamantartig glanzender
weisser Quarz-Kieselschiefer Sandstein (quartz-chert) (im sudlichen Beckenteil); b u n t e r grau-grun oder rosa kalkhaltiger Tonstein; massiger, schwarzer
Kieselschiefer, grober Sandstein oder Konglomerate (im nordlichen Beckent e i l ) ; grau-weisser oder pastellfarbiger bentonischer, kalkarmer Tonstein, hochhaltig an chalzedonischen u n d baritischen Konkretionen;
unterbrochene
Schichten von grobem, gelb-ockerfarbigem tonreichem, feldspathaltigem Flussbettsand; u n d hellbunter, kalkarmer bentonischer Tonstein, hochhaltig an
polierten Gerollen u n d Kieseln (von einigen A u t o r e n "gastrolithen" genannt).
Diese sieben Schichten w u r d e n hier inoffiziell als Stufen I bis V I I bezeichnet.
Stufen I bis I I I gehoren der Morrison Formation an, Stufen IV bis V I I entsprechen ganz oder teilweise den Pryor Konglomeraten, Little Sheep u n d Himes
Schlammsteinverbindungen der Cloverly Formation—so b e n a n n t von Moberly
(1960). Stufen VI u n d V I I sowie die u n t e r e n Sande (Stufe VIII) der daruberliegenden Sykes M o u n t a i n Formation entsprechen der Cloverly Formation wie
sie D a r t o n 1906 bezeichnete. Einige Autoren verwendeten die Bezeichnung
Morrison fur die gesamte nichtmarine Schichtenfolge (sequence) u n d beschrank-

CLOVERLY FORMATION, STRATIGRAPHY AND PALEONTOLOGY
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ten die Cloverly Formation auf die Sandbasis (Stufe VIII) von Moberly's Sykes
Mountain Formation. Um eine sinnvolle stratigraphische Grundlage zur Klassifizierung von palaontologischen Sammlungen zu erhalten, wurden hier die
stratigraphischen Zonen und die Fachsprache von friiheren Wissenschaftlern
genau verglichen mit den inoffiziell bezeichneten Gesteinsstufen in dieser Studie.
Umfangreiche Sammlungen von versteinerten Wirbeltieruberresten kamen
aus den Stufen V, VI und VII. Soweit bis heute bekannt ist, ist diese Fauna
bei weitem nicht so vielfaltig wie die der Morrison Formation anderer Bezirke.
Sie enthalt eine neue Art von Ceratodus (C. frazieri), ein unbestimmbarer
Amioid?, zwei baenidische Schildkroten (Naomichelys speciosa Hay, 1908 und
Glyptops previcax Hay, 1908) moglicherweise ein Testudinid, unbezeichnete
Mesosuchia Krokodile, und verschiedene Tetrapoden (Deinonychus antirrhopus
Ostrom, 1969); Microvenator celer (eine neue Gattung und Art); eine unbestimmbare Art von Ornithomimus; und ein unbestimmbarer aber ausgesprochener grosser Theropod. Ausserdem sind in grosser Menge Uberreste von
titanosaurischen Sauropoden enthalten, eine neue Gattung und Art von iguanodonischen Ornithopoden (Tenontosaurus tilletti) sowie eine neue Gattung
und Art von acanthopholischen Ankylosaurier (Sauropelta edwardsi). Obwohl
alles grundlich gewaschen und gesiebt wurde, wurden keine Saugetier- oder
anderen mikrofaunischen Uberreste aufgefunden.
Es besteht ein sehr wesentlicher Unterschied zwischen der Cloverly Fauna
und der klassischen Morrison Formation. Mit der moglichen Ausnahme von
Krokodiliiberresten steht kein einziger Cloverlyfund in Beziehung zu einer
taxonomischen Einheit der Morrison Formation wie sie bis heute bekannt ist.
Andererseits stehen die wenigen fragmentarischen Wirbeltierversteinerungen
aus den Stufen I, II und III des untersuchten Gebietes in Beziehung zu den
gut geordneten Morrison Einheiten. Weiterhin scheint es, dass alle bis heute
bekannten Fundstiicke aus der Cloverly Formation (Stufen V, VI und VII)
grossere Ahnlichkeiten besitzen mit solchen aus der Spat-Kreide als denen der
Morrison Formation. Das ist eventuell zu erklaren mit einer Veranderung in
der Umgebung oder einer zeitlichen Lucke zwischen Morrison und Cloverly
Formationen, oder beidem. Vergleiche mit den Faunen der Arundel Formation
von Maryland, der Glen Rose Formation (Trinity Gruppe) von Texas und Oklahoma und den Wealden Schichten Nordwesteuropas zeigen zumindest teilweise
eine Gleichzeitigkeit der Cloverly und Glen Rose Formationen und einen
grosseren Altersunterschied mit den Arundel und Wealden Schichten. Man
schatzt das Alter der Cloverly Formation auf Grund von evertebraten Versteinerungen und palaobotanischen Funden sowohl als auch Wirbeltierversteinerungen als Spat-Aptian und Friih-Albian.

4
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PE3KME
HenopcKHe naacTBi BnrxopHCKoro Saccetaa, 3aaeraromHe steady n03flHeiopcEofi CBHTOB caaaaHe H HHJKHesieaoBBiM TepMonoaHCOBBiM caamjeii, (popiiaaBHO noflpa3fleaeHH
Ha Tpn HaHMeHOBaHHa: CBHTBI MapacoK, KaoBepan H cafiKC MayHTeH. IIpHMeHeHHe
3THX Ha3BaHHfl K lefiCTBHTeaBHO BHXORJHII;HM Ha noBepxHOCTB naacTaM 6BIJIO BecbMa npoTHBOpeiHBHM, H cymecTByeT 6oaBinoe pa3Horaacne no Bonpocy o pa3rpaHHqeHHH CBHT. Ha6aKaeHHa no nepHipepHH EnrxopHCKoro 6accetHa z B npHaeraromnx pafioHax K ceBepy, 3anafly H Bry o6ocHOBBiBaK>T cymecTBOBaHHe ceMH
OTaHIHTeaBHBTX naaCTOB: CaMHfl HHJKHHH, TyCMO-CepOBaTBIH,

H3BeCTK0B0-rjIHHH-

CTBIH caaHen,; MaccHBHBifi, 6aecTjnne-6eaBiH, KBapneBO-KpearancTBifi neciaHHK (B
KMKHOH qacTH SacceftHa); necTpo-cepo-3eaeHBifi ra po30BHfl, HSBecTKpBO-rmHHCTBIH caaHen;; MaccHBHHa, *iepHBifi ^epx, rpy6o3epHHCTBift nec^iaHHK ra KOHrjioMepaT B ceBepHofi TOCTH 6acceflHa; TycKao-cepoBaTBifi, nepexoifinpft B 6eaHfi
nan nacTeatHBift, 6eHTOHHTOBHfl H HeH3BecTK0B0-raHHHCTBiH caaHen, c xajin;efl0H0-H
6apHTo6oraTHMH KOHKpenaaMH; npeptiBHCTaa cepna rpy6o3epHHCTBix, aceaTBrx
nepexoflnmnx B oxpoBtii HBeT, ramiofioraTBix, noaeBomnaTOBBix pycaosBix necKOB,
H necTpHfi, HeH3BecTKOBO-6eHTOHHTOBHfl MHHHCTHB caaHen; 6oraTBifi OTEMH$OBaHHHMH KpeMHHCTBiMH rajiBKaMH ("racTpoaHTBi" y OTflejiBHBix aBTOpoB). 3TH
ceMB njiacTOB oSosHa^ieHBi B aacToamefi paSoie ycaoBHbiMH TepMHHaira: IlaacT I —
IIjiacT VII. rijiacTH I — III OTHOCSTWI K cBHTe MOPHCOH. IlaacTH IY — VII noaHOCTBH) HJIH gaCTHIHO COOTBeTCTByKT HpHOpCKOMy KOHMOMepaTy, JIHTI mHfinCEOfi
naoBKe H xatMCKHM MOBKOBBIM na^KaM CBHTBI KaoBepan, KaK onpea,eana 3Ty CBHTy

Mo6epan (1960). ILiacTBi VI H VII H HHKHHe necKH (IIjiacT VIII) BBimeaeacameH
CBHTBI cafiKC MayHTeH, cooTBeTCTByiOT CBHTe KJiOBepan, KaK ee onpeaeana J^apTOH
B 1906 r. OT^ejBHHe aBTopH o6o3HaiHan Ha3BaHneM MOPHCOH BCK HejropcKyio TOJTmy H orpaHHinaH CBHTy KaoBepaH 6a3aiBHHMH necKaMH (IlaacT VIII) CBHTBI caiKC
MayHTeH MoSepan. ^aa Toro, YTO6BI npep;ao3KHTB aneKBaTHyio CTpaTHrpafpHiecKyro
ocHOBy flaa pa3MemeHHJi noayqeHHBix naaeoHToaonraecKHx KOaaeKnnfi, CTpaTHrpa$HiecKHe eflHHHUBi H TepMHHoaorna npeaHnyinHX nccae^OBaTeaefi noa,po6HO cpaBHHBaiOT.ca c npHHHTHMH B 9Tofl pa6oTe ycaOBHBiMH naacTaMH.
OSninpHBie KoaaeKn;HH HCKOnaeMBix ocTaTKOB H03BOHO^HHX 6HSH cocTaBaeHH
H3 IlaacTOB V, VI H VII. 9Ta (payHa ropasflo Meiiee pa3HOo6pa3Ha,TOM$ayHa CBHTBI MOpHCOH B KPyrux pafioHax. K Hefl OTHOCHTOH HOBBIH BHfl Ceratodus (C. Frazieri),
HeonpefleaeHHHfiaMHOH&flBe SaeHaHflOBBieTCpenaxH (Naomichelys speciosa Hay, 1908
H Glyptops pervicax Hay, 1908), B03MOKHBIH TecTyffiHHHff, Heonpea,eaeHHiie Me303yX0BBie KpOKOflMOBBie, H HeCKOaBKO TeponOftOB (Deinonychus antirrhopus Ostrom,
1969); MicTovenator celer [HOBBlfi pop; H BHflJ; HeonpefleaeHHHH BHffi Ornithomimus;

Heonpe^eaeHHHM, HO OTaHiHTeaBHBifl, KpynHHfi Teponofl. TaKace B HanGoaBmeM KOanqecTBe HMeiOTca ocTaTKH oflHoro THTaH03aBpnsa (aDTepoHorax), HOBOTO po^a H
BH^a aryaHOflOHTHsa (HTHn;eH0rHx) (Tenontosaurus tilletti), HOBOro po^a H BHffa
aKaHTOip'oaHflOBOro aHKHao3aBpa (Sauropelta edivardsi). HecMOTpa Ha o6nrapHOe
npoMHBaHHe H npoceHBaHne He y^aaocB oSHapyatHTt HHKaKHX ocTaTKOB, HH MaeKonHTaiomnx, HH spyrofi MHKpoipayHH.
$ayHa KaoBepan BO Bcex OTHomeHHax OTan^aeTca OT $ayHH KaaccH^ecKOfi
CBHTBI MOpHCOH. 3 a

B03M0SCHBIM HCKaKieHHeM KpOKOflHaOBBIX OCTaTKOB HeT HH

ORHoro o6pa3na KaoBepan, KOTOPHA He OTHOCHTCS K TaKCOHy H3BecTHOMy OT CBHTH
MOPHCOH. C spyrofi CTOPOHH, Te HeMHoroqHcaeHHBie $parMeHTapHHe HCKonaeMHe
ocTaTKH n03B0H0iHBix, oSHapyKeHHBie B IlaacTax I, II H III B nccaeayeMOM pafiOHe
OTHOCHTca K xoponio H3BecTHBiM TaKCOHaM MopHcoHa. KpoMe TOro, Bee flo CHX nop
H3BecTHBie o6pa3n;H H3 CBHTH KaoBepan (TlaacTH V, VI H VII), noBHffHMOMy, HMeKT 6oaee 6aH3Kne cxo^CTBa c BepxHeMeaoBBiMH TaKCOHaMH, ieM c BHjaMH MOPHCOH.
9TO oSycaOBaHBaeTca nan KpynHBiM H3MeHeHHeM BO BHeniHefl cpe^e nan 3Ha^HTeaB-
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HHM BpeMeHHHM npooeac-M Messy MopacoHOM H KJiOBepjiH ( H I H oGenMH npHiHHaMH).
CpaBHeHne c (payHOfi CBHTH apyH^ea MepraeHsa, CBHTBI Tuen P03 (rpynna Tponn a ) Texaca H OMaxoMH, ysjifleHCKHX naacTOB ceBepo3ana,a;Hofi EBPOIIH CBHfleTejibCTByeT no KpaftHefi Mepe o qacnuniofi oflHOBpeMeHHOCTH CBHT ooBepjiH H TjieH P03,
o cpaBHHTentHo CTapmeM B03pacTe naacTOB apyHseji H yasseH. Bo3pacT KaosepjiH,
Ha ocHOBaHHH HCKonaeMHx 6e3n03B0H0iHHX n naaeoSoTaHHiiecKHX .naHHHx, KaE H
HCKonaeMtix noBBOHO^HBix, noBHflHMOMy, npnyporaBaeToa: K no3SHeMy a m y H panHeMy aai>6y.

1. INTRODUCTION
The Mesozoic section in much of the western interior of the United States is characterized by a prominent sequence of nonmarine, variegated claystones and sandstones
measuring up to 700 feet (200+ m) in thickness that is generally considered to be of
Late Jurassic and Early Cretaceous age. The lower part of this sequence, widely referred to as the Morrison Formation, has produced perhaps the most significant and
diverse terrestrial vertebrate fauna known from all of the Mesozoic. The upper part
of the sequence is variously referred to as the Cloverly, Kootenai, Dakota, Inyan
Kara, Lakota-Fuson, Gannett, Lytle, Cedar Mountain or Burro Canyon Formation, but
until now it has contributed less than half a dozen fragmentary fossil vertebrate specimens to our published knowledge. After years of debate, the age of the Morrison Formation is now generally accepted as Kimmeridgian to Early Portlandian (Simpson, 1926;
Baker, Dane and Reeside, 1936); the overlying nonmarine strata are considered as
Aptian or Early Albian (Peck, 1941, 1951; Peck and Craig, 1962; Stokes, 1952).
The apparent absence of fossil vertebrates in strata overlying the Morrison Formation, together with the fact that Early Cretaceous vertebrates are exceedingly rare and
poorly known from all regions of North America, prompted the present investigation.
Added to these were the efforts of several individuals, particularly during the 1930's
and 1940's, that resulted in intriguing collections purportedly from the Cloverly Formation of Montana. None of this early work has been reported, but the nature of the
materials indicates that a fauna quite distinct from that of the Morrison Formation
apparently does exist in the upper part of this nonmarine sequence. In spite of inadequate stratigraphic data, it appeared that these collections might well represent the
most significant evidence available of Early Cretaceous vertebrates in the Western
Hemisphere.
Aside from these earlier unreported collections from the "Cloverly", the sum total
of our knowledge of Early Cretaceous terrestrial vertebrates in North America rests on
very fragmentary or isolated materials from: 1) the Arundel Formation of Maryland
(Marsh, 1888; Lull, 1911a, 1911b; Gilmore, 1921), 2) the Trinity Group of Texas
and Oklahoma (Larkin, 1910; Stovall and Langston, 1950; Patterson, 1951, 1955,
1956; Slaughter, 1965), 3) the "Lakota" of South Dakota (Lucas, 1901, 1902; Gilmore, 1909), 4) the Kootenai of Montana (Olson, 1960), and 5) the Dakota of
Kansas (Eaton, 1960). In addition, a solitary specimen, often cited as Late Cretaceous
in age but almost certainly from the Dakota sandstone capping Como Bluff in southern Wyoming, the type of Nodosaurus textilis, was described by Marsh (1889). These
constitute the published record of Early Cretaceous vertebrate life in North America.
Although the Late Jurassic-Early Cretaceous continental sequence is widespread
throughout most of the western interior (exposures of part or all of this sequence
7
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occur locally in New Mexico, Arizona, Texas, Oklahoma, Colorado, Utah, Wyoming,
Montana, Idaho, South Dakota and Kansas), the present study was restricted to a
relatively small area in north-central Wyoming and south-central Montana (Fig. 1).
Reconnaissance of several possible areas by the writer during the summers of 1957
and 1958 indicated that the periphery of the Bighorn Basin and adjacent regions
offered the most extensive exposures of the critical upper part of the section. Another
decisive factor was the unreported collections mentioned above of Barnum Brown,
Roland T. Bird, A. Silberling and J. W. Stovall from this and nearby areas in Montana. The area selected comprises parts of Hot Springs, Washakie, Big Horn and Park
Counties in Wyoming and Carbon, Big Horn and Yellowstone Counties in Montana.
The precise area is shown in Figure 2 (in pocket). Within this area the upper part of
the continental sequence is referred to as the Cloverly Formation (Darton, 1904, 1906),
although in the northern sectors it is sometimes termed the Kootenai.
Limited investigations were also carried out in parts of Fremont and Teton Counties, Wyoming, and Wheatland County, Montana; some of the results are included in
this report. Stratigraphic comparisons, but no collecting, were also extended to
Weston, Albany, Johnson, Natrona, Carbon and Sheridan Counties in Wyoming and
to Judith Basin and Fergus Counties in Montana.

FIG. 1. Index map showing the location of the area including in this study.
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2. STRATIGRAPHY
Several factors require that a detailed analysis of the stratigraphy, including a review
of previous investigations, be presented before consideration is given to the systematic
paleontology. First and most important of these is the necessity of providing a framework in which to record the precise stratigraphic occurrence of all fossil collections.
Second, because of the many conflicting interpretations and diverse definitions by past
workers (Fig. 3 ) , there is considerable confusion as to exactly what has been, or may
be, intended by past and current use of the terms "Cloverly, Morrison, Greybull,
Pryor, rusty beds", etc. Consequently it is essential that stratigraphic terminology as
used in this report be clearly defined and compared as precisely as possible with the
usage of previous workers. T o accomplish this, it was necessary to visit the sites of all
previously published measured sections. Charts 1 to 7 compare these earlier interpretations of specific sections with the terminology of this report.
T h e sole purpose of the lengthy stratigraphic discussion which follows is to eliminate diverse or inconsistent applications of terminology as a source of confusion, so
that the collections reported here can be placed in any or all stratigraphic contexts
(Darton's, Lee's, Fisher's, Hewett's or Moberly's, etc.). It is not important to me at
this point which usage the reader prefers. What is important is that stratigraphic data
relating to our collections be accurately and unmistakably translatable into terms that
have been used by others. Darton's Cloverly Formation exists as a formal term, at
least, and has been applied by numerous geologists to rock strata within the western interior. It has not yet been demonstrated, however, whether or not his specific lithic units
can be recognized with certainty outside the immediate vicinity of his type area. Most
geologists after Hewett and Ziegler believed that they could distinguish between Darton's Cloverly and the Morrison Formation; a few, however, have declined to select a
boundary. Whether or not this nonmarine sequence should be subdivided into two formations is not of primary concern in this report (although it is my own opinion that
such twofold division is both useful and warranted on stratigraphic grounds). T h e
primary concern is whether Darton's Cloverly Formation can be recognized with certainty throughout the Bighorn Basin and adjacent regions. My conclusion is that it can.
In the discussions that follow it will be evident that identification and correlation
of specific lithic units within the Morrison-Cloverly sequence are often extremely difficult. Persistent key horizons are rare or difficult to recognize in widely separated exposures. Few lithic units seem traceable over great distances with any degree of confidence. Correlations between spot localities are questionable, to say the least, due to
pronounced lateral and vertical fades changes, wedging and erosional gaps in the
section. T h e only practical method upon which to establish correlations is by walking
out exposures, but, in spite of an abundance of exposures in the study area, outcrops
are discontinuous and in some places separated by several miles or more. Fortunately
(or unfortunately), the only means of discovering fossil vertebrate remains is by walking out exposures, and in the course of our search the entire outcrop belt of the
Morrison-Cloverly sequence encircling the Bighorn Basin (Fig. 2, in pocket) was traversed. T h e generalized stratigraphic section that follows is based on observations and
data collected on this traverse. Documentation is presented at the back of this report in
11
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FIG. 3. Comparison of Upper Jurassic - Lower Cretaceous nonmarine

the 28 measured sections of Appendix A (see also Fig. 4, in pocket) and in several photographs at critical localities (Plates 1 to 7).
The Mesozoic sequence is extensively exposed in the study area along the eastern,
southern and northwestern margins of the Bighorn Basin and around the western and
northern flanks of the Pryor Mountains. Outcrops occur in low cuestas prominent
hogbacks and extensive badlands bordering the Bighorn, Owl Creek, Pryor and
Absaroka-Beartooth Mountain uplifts and in numerous subsidiary anticlinal structures.
Near the middle of this section is a sequence of 200 to 600 feet (60 to 180 m) of variegated, often brightly colored, claystones, fine-grained to conglomeratic sandstones,
shales and channel sands of continental origin. These beds are usually mapped as a
single unit "Morrison-Cloverly undivided", although most discussions treat the two
formations separately. Of the two, only the Cloverly Formation is based on local studies and can be referred to a local type section. The term "Morrison" has been ex-
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stratigraphic terminology as used by previous workers in the Bighorn Basin area.

tended to this area through common practice from the classic Morrison exposures in
Colorado, chiefly on the basis of nearly continuous surface exposures and of well logs
that show Morrison type lithologies are present in the subsurface. Only Mook (1916)
has published regional studies comparing the Morrison fades between Colorado and
northern Wyoming.
In the study area, the nonmarine sequence lies with apparent conformity on glauconitic, calcareous sandstones and shales commonly rich-—even coquinoid—in marine
invertebrate remains. In this study the base of the nonmarine sequence was placed at
the highest occurrence of marine invertebrate fossils because of the highly variable
lithologies immediately above that level. The Morrison-CIoverly sequence is overlain
conformably by some 300 to 600 feet (90 to 180 m) of fissile, black, bentonitic, marine
shale. The underlying unit is referred to as the Upper Sundance Formation; the overlying unit as the Thermopolis Shale.
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GENERALIZED STRATIGRAPHIC

SECTION

It is almost superfluous to note that the Morrison-Gloverly sequence varies considerably from one place to another, but this is by far its most prominent feature. Variation
consists of changes in rock type and color, topographic expression and differences in
sequence and thickness. Yet within this variable sequence is a broad pattern that is
quite persistent—at least within the study area. T h e lower half of the section is normally calcareous, regardless of lithology. Glaystones are calcareous and locally contain
calcareous nodules or thin freshwater limestone strata. Sandstones usually feature calcareous cement. O n the other hand, the upper half of the section is rarely calcareous.
Instead it is rich in authigenic silica and bentonite. Moberly (1960) noted this distinction, but otherwise it apparently has been overlooked in the Bighorn Basin.
T h e nonmarine sequence can be divided into eight recognizable major units within
the study area. Although one or more may be absent at a given locality, several are
remarkably persistent throughout the region and most can be recognized in particular
outcrops. Some of these have been noted by other workers and a few have been formalized as formations or members. These eight subunits are persistent enough and
sufficiently distinct to serve as useful reference units for placement of the paleontologic materials and for consideration of stratigraphic interpretations. In order to avoid
the multiple meanings that are associated with the classical terms now in use, numerical designations are applied to these units in this report.
T h e lower, calcareous part of the Morrison-Gloverly sequence has been subdivided here into three units (labeled Units I, I I , and I I I ) based chiefly on exposures
in Hot Springs, Big Horn (Wyoming) and Carbon (Montana) Counties. Units I and
I I I are massive or poorly stratified, drab-yellow to gray-green, silty claystones. They
are very similar to each other, so similar in fact they cannot be distinguished in limited
exposures or in the absence of Unit II. Unit I I consists of 20 to 75 feet (6 to 23 m) of
brilliant white to buff or yellow-green quartz sandstone, usually massive, crosslaminated, poorly jointed and calcareous with chalky-white chert grains.
T h e upper, noncalcareous part of this sequence is subdivided here into four elements (Units IV, V, V I and V I I ) . Of these, the uppermost is by far the most persistent and prominent—in fact, it is the only part of the entire nonmarine sequence that
apparently is not absent anywhere within the study area. These four units consist of a
lower conglomerate or conglomeratic sandstone (Pryor Conglomerate of some authors) , a lower claystone (Unit V ) , an upper, discontinuous, channel sandstone which
occasionally is conglomeratic (Unit V I ) and an upper claystone (Unit V I I ) . In contrast to the claystones of the lower half of the sequence, Units V and V I I are readily
distinguished even in the absence of any of the other units. As will be shown, Unit V
is everywhere characterized by frequent to abundant chalcedony and barite concretions, whereas these are absent in Unit V I I and apparently in nearly all exposures of
the lower claystones. Unit V I I on the other hand contains rare to abundant, highly
polished and rounded "gastrolith"-like pebbles.
While it may be argued that the occurence of chalcedony, like any other single
character, should not be considered an absolute or distinctive feature upon which to
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identify a particular stratigraphic unit, after traversing nearly all of the relevant
exposures, I am satisified that this character can be so used in this region. T h e most
significant evidence for this conclusion is the apparently constant stratigraphic position of chalcedony-concretion-bearing claystone within the Morrison-Cloverly sequence. T h e Pryor Conglomerate (or an identical, black chert pebble conglomerate),
when present, always lies immediately beneath this claystone. And a brightly colored,
non-chalcedony-bearing claystone always overlies it, frequently with a coarse, poorly
sorted, feldspathic sandstone (Unit V I ) lying between them.
T h e origin of these chalcedony (and barite or calcite) concretions is not known.
Chert concretions usually are characteristic of carbonate rocks and are thought by
some to have resulted from selective replacement of calcareous matrix by amorphous
silica. Chert concretions are much less common in detrital rocks, but when present
appear to be secondary structures resulting from local concentration of silica during
diagenesis. Detrital materials and primary bedding structures are preserved within
such nodular bodies. T h e present examples, however, show no primary sedimentary
structures, contain few or no recognizable detrital grains, and consist entirely of amorphous chalcedonic chert, barite, or (in lesser amounts) calcite. They occur as widely
scattered, isolated features, or are concentrated in restricted zones or local concentrations. A detrital origin seems improbable for there are no signs of abrasion and they
are never associated with pebbles, cobbles or other coarse detrital fragments. T h e
evidence seems to indicate a primary origin, presumably as a hydrous silica gel accumulated in irregular masses at various times during accumulation of volcanic ash and
the detrital clay. Whatever the origin, the chalcedony-barite concretions are by far the
most useful criterion for field recognition of the upper subdivisions of the MorrisonCloverly sequence.
As noted previously, Unit V I I differs from Unit V in the abundant occurrence of
scattered, well-rounded and highly polished chert or quartzite pebbles, held by some
to be dinosaur stomach stones or "gastroliths", and the complete absence of chalcedony-barite concretions. In addition, Unit V I I is generally much more brightly colored and is rarely bentonitic. T h e so-called gastroliths range from less than 1 inch
(2.5 cm) to more than 6 inches (30 cm) in maximum dimension, but usually fall
within the 1 to 2 inch (2.5 to 5 cm) range. Sample collections consisted of less than 3
percent nonsiliceous material. T h e source of these objects is not known, but no evidence was found during the course of this investigation to support the popular, but
improbable, thesis that they represent dinosaur gizzard stones. Although often encountered during quarry operations, not a single "gastrolith" was found closely associated with any of the numerous articulated skeletons collected by Yale expeditions.
Dorr (1966) has presented evidence suggesting that such polished pebbles are windpolished, but the general absence of even poorly defined facets on most pebbles from
Cloverly exposure suggests other factors. Conclusive evidence has not yet been found,
but the most plausible explanation to date attributes such highly polished pebbles to
normal sedimentary processes (Stokes, 1942).
Unit I. The lowermost unit consists of calcareous claystones 1 and siltstones, usually
1

The term claystone is applied to fine-grained sedimentary rock in which clay-sized grains predominate, there is no bedding structure or it is obscure, and the rock is nonfissile, having blocky or
conchoidal break in fresh samples. The term shale is applied to similar fine-grained sedimentary
rock that possesses conspicuous parallel stratification and is fissile.
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greenish in color with prominent red-brown banding locally and containing occasional or frequent, usually thin, discontinuous, calcareous sandstone lenses. It rests
conformably, and at some places gradationally, on glauconitic sandstone, gray-green
shale or limestone containing marine invertebrates. Thick, massive, nonresistant claystone or poorly stratified shale predominate, but locally resistant sandstones 1 to 10
feet (0.3 to 3.0 m) thick and thin limestone strata occur. Sandstone lenses are rarely
clean, usually contain abundant clay matrix, and are marked by cross-laminations and
occasional ripple-marked surfaces. Moberly (1960: p. 1168) reported the dominant
clay mineral to be illite. Unit I varies from 70 to 170 feet (21 to 51 m) in thickness
and corresponds to the lower part of the Morrison Formation of most workers.
Unit II. Overlying Unit I on a surface of some relief is a prominent, massive, white
sandstone ranging from 10 feet (3 m) to more than 80 feet (24 m) in thickness, but
normally about 45 feet (14 m) thick. It varies from medium- to coarse-grained, locally
with pebbles up to 10 m m in diameter. T h e coarse fraction consists predominantly of
well-rounded grains of quartz and white chert, the latter making up 15 to 20 percent.
T h e cement is calcite; the clay matrix is negligible except in the lower 1 to 3 feet (0.3
to 0.9 m ) . It weathers to pale greenish yellow, light tan or brilliant white, forms
smooth, steep slopes or large, rounded knobs. Jointing is rare and vertical exposures
accordingly are infrequent. Unit I I generally is exposed in massive 10 to 20 foot (3.0
to 6.0 m ) , cross-laminated beds, but thinly bedded strata are present locally, especially
near the top. It is a prominent ledge-former in the western and southern parts of the
study area but has not been recognized with assurance in the northern areas. Unit I I
falls within the lower part of the Morrison Formation as it is defined by most students
of this region.
Unit III. This unit consists of 30 to 120 feet (9.0 to 36 m) of nonresistant, variegated claystone that weathers to greenish gray, pale yellow, light gray and pink. In
general it resembles Unit I and in the absence of Unit I I cannot be readily distinguished from that unit. Locally, red-brown bands occur, but these are not as vivid or
as common as those in Unit I. Fresh rock is dark to medium gray and gray green and
breaks into irregular small chips. It is universally calcareous and silty. Thin, discontinuous calcareous sandstone strata are common and white limestone beds up to 1 foot
(0.3 m) thick occur locally. At some localities, white to dark-gray calcareous concretions are abundant. The dominant clay mineral is illite, according to Moberly (1960:
p. 1168). T h e unit commonly weathers to low-angle slopes except where it is protected by an overlying resistant sandstone or conglomerate. Unit I I I corresponds to
the upper part of the Morrison Formation as it has been redefined by Moberly (1960)
and to the middle part of that formation as it has been interpreted by others.
Unit IV. Overlying Unit I I I , particularly in outcrops along the west flank of the
Bighorn Mountains north of Shell Creek and along the west and northwest flanks of
the Pryor Mountains, is a thick, massive and very resistant conglomeratic sandstone
and conglomerate, which has been formally recognized as the Pryor Conglomerate.
Here it is designated Unit IV. Exposures are particularly well developed in the vicinity of Sykes Mountain, Crooked Creek, Red Dome and Bluewater Creek, but the same
facies is present at about the same level near the type Cloverly section and northeast
of Thermopolis. T h e unit varies from about 10 feet (3.0 m) to more than 50 feet
(15.0 m) thick, generally weathers to a dark gray or gray brown and consists of coarse
sand, pebbly sand and conglomeratic lenses. Pebbles and sand grains consist chiefly of
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black, dark gray, or brown chert. Some light-gray quartzite and white quartz is present
in northern exposures. Feldspar grains constitute less than 2 or 3 percent of the sand
fraction. Clay matrix is generally lacking or only a minor component, but when present consists of kaolinite (Moberly, 1960: p. 1168). Pebble fraction varies greatly both
laterally and vertically, pebbles generally being concentrated in 2 to 10 inch (5.0 to
25 cm) zones or in restricted (4 to 8 foot long [1.2 to 2.4 m]) wedges or cross-beds.
Pebbles range from pea size to 2 inches (5.0 cm) in diameter. In the Pryor Mountain
area, Unit I V caps many of the ridges and cuestas. T h e basal contact is sharp and
may be unconformable regionally. C. J. Hares (1917) is credited with coining the
term Pryor Conglomerate and was one of the first to adopt this unit as the basal member of the Cloverly Formation. Several subsequent studies have followed this usage
(apparently equating it with the "conglomerate sandstone" described by Darton at
the base of the Cloverly), but others place the Morrison-Cloverly contact well above
this unit.
Unit V. Unit I V is overlain by a rather persistent, predominantly unstratified, noncalcareous claystone, which varies from drab neutral, light to medium gray to pastel
and sometimes rather brightly variegated colors. It is the variable nature of weathered
coloration of this unit that apparently has caused much of the difficulty in subdividing
the section. Where drab in color it resembles the claystones of Unit I I I ; where brightly
variegated it resembles overlying claystone that is here labeled Unit V I I . In the absence of intervening coarse clastic fades, no precise division can be made between
Unit V and Unit V I I . T h e claystone is typically medium to dark gray, sometimes
greenish or with a purple tinge on fresh exposures. It is highly bentonitic, particularly
in the upper part, and usually is rich in chalcedony, calcitic and barite concretions.
Concretions occur either in distinct zones, or scattered throughout the entire thickness, and vary in abundance from rare to extremely abundant. Concretions usually are
about fist size and range from white, milky gray, blue, lilac to yellow. Some are nearly
opaline in appearance. In composition, they vary both locally and stratigraphically
from pure chalcedony, quartz and chalcedony with minor amounts of calcite a n d / o r
barite, to nearly pure calcite or barite. T h e entire sequence varies from 20 (6.1 m) to
nearly 200 feet (61 m) in thickness and features occasional, fine-grained, quartz sandstone lenses and thin, finely crystalline, white limestone layers, both ranging up to 18
inches or 2 feet (0.45 to 0.61) m) in thickness. Occasional channel sands up to 30 feet
(9 m) across and 6 to 12 feet (1.8 to 3.6 m) thick also occur. At some localities selenite
crystals and white, pink or orange satin spar veins are common.
Along the eastern perimeter of the Bighorn Basin, specifically in the Shell Creek,
Cloverly and Sheep Mountain areas, a thin, highly weathered, fragmental tuff occurs
in the upper part of Unit V. Ranging from less than 6 inches (15 cm) to more than
28 inches (70 cm) in thickness this tuff is prominently exposed as a brilliant white
band in the upper third of Unit V. No sign of this unit was recognized in the northern,
western or southern margins of the basin. Plates 1: A and B, 2: A and 3 : A and B
show this volcanic unit as a conspicuous white band near the top of Unit V. Unfortunately, this tuff is so highly altered that radiometric dates could not be obtained.
Unit V typically weathers into low, rounded, pale-purple, gray or nearly white,
sometimes pinkish-gray, vegetation-free, gumbo hills with very soft, "popcorn"
surfaces strewn with chalcedony concretion fragments. At some localities the section
is rather vividly colored, but at most exposures the colors are pastel or drab neutral
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colors. Fresh rock is generally dark gray with little or no mottling; it breaks into irregular, waxy-lustered chips. Unit V corresponds to the upper part of the Morrison
Formation of some authors and the lower or middle parts of the Gloverly Formation
of others. It represents the middle portion of the Morrison Formation of at least two
interpretations. Moberly (1960: p. 1145) has proposed this unit as the Little Sheep
Mudstone Member of his redefined Gloverly Formation.
Unit VI. Unit V I is a coarse-grained, discontinuous channel deposit that is almost
always present at the top of the chalcedony-concretion-rich claystone (Unit V ) . T h e
unit consists of 2 to 75 feet (0.6 to 25 m) of olive, yellow or brown, sometimes tan,
"salt and pepper" sandstone. Locally it is pebbly, but rarely would it be considered a
conglomerate. Sand grains are subangular to angular and consist largely of feldspar,
quartz and some dark minerals. Coarse fragments are gray or yellow chert and lightcolored quartzite in northern exposures, but chiefly white chert in southern outcrops.
Unit V I is typically impure with considerable clay matrix that Moberly (1960: p.
1168) reports as predominantly montmorillonite. Locally, this sandstone may be well
indurated, forming a massive, resistant ledge, but usually it is rather friable, disintegrates readily, and is often concealed or poorly exposed at the base of steep cliffs or
slopes formed by the overlying claystones. Parallel stratification is usually obscure;
cross-laminations are common. T h e basal contact is sharp and irregular with relief u p
to 5 or 6 feet (1.5 to 1.8 m) over a 100 foot (30 m) distance. Clay pebbles and angular fragments are common in the lower 2 to 6 inches (5 to 15 c m ) . T h e contact with
the overlying claystone is usually gradational. Although the unit is discontinuous and
clearly represents multiple channel sands, informal stratigraphic designation is justifiable because of the nearly universal occurrence of this facies at what appears to be a
constant stratigraphic level. Unit V I corresponds to the basal sandstone of the Cloverly
Formation as described by Darton (1906), but other students have included it in the
middle or upper part of the Morrison while Moberly considers it part of his upper
(Himes) member of the Cloverly.
Unit VII. T h e most persistent, and one of the most prominent facies of the entire
nonmarine sequence is the 20 to 100 feet (6 to 30 m) of brightly colored, variegated
claystone that everywhere overlies Unit V I . These claystones are gradational with the
underlying sands at most localities. Usually they weather into steep, "fluted" slopes or
cliffs and occasional badlands with maroon, red, orange, deep-purple and red-brown
colors predominating. Neutral grays and pastel shades occur rarely and locally. Chalcedony concretions are lacking, satin spar occurs rarely, but highly polished pebbles
commonly referred to as "gastroliths" are almost always present throughout the region
and at some localities are extremely abundant. T h e pebbles often are concentrated at
the base of the claystone cliffs or on the gentle slopes below, where they are associated
with concentrations of chalcedony concretions, but they are derived from the steeper
outcrops of Unit V I I . (A random collection of these "gastroliths" consisted of 97 percent silica—quartz, quartzite, chert, chalcedony.) Fresh rock is generally light gray
green to yellow and pale purple with dark gray-green and red-brown mottling. It
breaks into large, irregular blocks with conchoidal fracture and abundant slickensides.
Bedding is obscure or absent, except in the highest portions where it sometimes grades
into thin-bedded sandstones or fissile shale. T h e unit is often sandy, rarely calcareous
and only locally bentonitic. Sandstone strata and wedges from 2 to 6 feet (0.6 to 1.8
m) thick are common, consisting of quartz with some feldspar usually in well-rounded
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grains. Unit V I I represents the middle member of Darton's Cloverly but has been interpreted as both the upper member of that formation and of the Morrison Formation.
Unit VIII. Capping the vividly colored claystone of Unit V I I is a persistent, but
variable, sequence of up to 30 feet (9 m) of massive a n d / o r thinly bedded sandstones
and siltstones interbedded with gray to black, fissile shales. T h e entire sequence weathers to a yellow or rust-brown color and is often rich in ironstone concretions, black
hematite laminae and abundant hematite and iimonite staining. Where massive sandstones occur, it stands up as a resistant cap rock. T h e sandstones consist of fine- to
medium-grained, well-rounded quartz grains. Ripple marks and fucoidal impressions
are abundant, locally occurring on virtually all bedding planes. True cross-beds are
rare. Precise thicknesses are difficult to obtain because of the highly gradational nature
of the contact with the overlying, black, bentonitic shale of the Thermopolis Formation. No recognizable, persistent contact or horizon was found on which to separate
one from the other. Unit V I I I corresponds to the lowest part of the "rusty beds" of
many authors. Moberly (1960) has proposed formalization of the "rusty beds" as the
Sykes Mountain Formation based on exposures near the Montana-Wyoming state line
north of Lovell. Where a -massive sandstone is present, Unit V I I I equals the Greybull
sandstone of some authors.
A major point I wish to make with regard to this generalized stratigraphic section
is that it is possible to distinguish the two upper claystone sequences from each other
and in most instances from either of the two lower claystones, regardless of whether
or not intervening coarse clastic units are present. This separation is possible on the
basis of the apparently constant disparate distribution of in situ chalcedony, calcite or
barite concretions and highly polished "gastrolith" pebbles. During the course of this
study, the two were never found in positive in situ association. "Gastroliths" (hereafter referred to as polished pebbles or cobbles) were encountered only in the upper
claystone (Unit V I I ) , whereas chalcedony, calcite or barite concretions were never
found above the level of Unit V. T h e two are frequently found in association on the
surface, but this clearly is a secondary association due to concentration of polished
pebbles on lower angle slopes beneath the usually steep exposures of Unit V I I . Not a
single chalcedony concretion was found on the surface above U n i t V, nor were any
concretions found in place in the nearly 60 fossil quarries that we excavated in Unit
V I I and the upper part of Unit V I . Polished pebbles, on the other hand, were frequently, although never abundantly, discovered in these; excavations. It must be
pointed out that only eight excavations were opened in U n i t V, compared with nearly
60 above that Unit, so I must admit to the possibility that polished pebbles do occur
below Unit V I . None were encountered, however, either in our excavations or in fresh
rock exposed while measuring stratigraphic sections.
This apparently constant relationship not only constitutes the most reliable criterion for distinguishing the two upper claystones but also permits recognition of the
two middle sandstones or conglomerates (Units I V and V I ) . Thus, the Pryor Conglomerate (Unit I V ) , which everywhere lies below a chalcedony-concretion-rich claystone, cannot be equated with the conglomeratic sandstone described by Darton at the
base of his Cloverly type section which lies above a chalcedony-concretion-rich claystone. T h e boundary between the Cloverly and Morrison Formations in nearly all
published reports has been placed at the base of a pebbly sandstone or conglomerate.
Whether stated or not, the implication is that the sandstone selected corresponds to
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Darton's basal Cloverly facies. The following discussion, together with the 28 measured sections at the end of this report (Appendix A), will show many of these correlations to be in error.
Specifically, whereas Darton (1906) described what I have here labeled as Unit
VI as the basal clastic facies of the Cloverly Formation, Hares (1917), Bauer and
Robinson (1923), Lee (1927), Knappen and Moulton (1930), Thorn, Hall, Wegemann and Moulton (1935), Wilson (1936), Lammers (1939), Love et al. (1945),
Gardner et al. (1946), Richards (1955) and Moberly (1962) have referred to a lower
bed—my Unit IV (the Pryor Conglomerate of some authors)—as the lowest unit of
the Cloverly Formation (Fig. 3). On the other hand, Hewett (1914), Ziegler (1917),
Pierce and Andrews (1940), Pierce (1948), and Rogers et al. (1948) adopted the
uppermost, transitional sandstones (rusty beds of Darton and others), or what I have
here labeled as Unit VIII, as the basal Cloverly facies. In other words, depending on
which of the three uppermost clastic units was present, or most prominent in the regions studied, all three upper sandstones (Units IV, VI and VIII) have been used as
the basal Cloverly sandstone. Hintze (1915), Lupton (1916), Hewett and Lupton
(1917), Lee (1927, in part), Thorn, Hall, Wegemann and Moulton (1935, in part),
Andrews and Eargle (1947) and Mirsky (1962a, b) seem to have adopted the same
(or at least a similarly positioned) coarse sandstone as did Darton for the basal facies
of the Cloverly Formation.
Our traverses have established that all three sandstones are discontinuous—and of
doubtful correlation even when present. In contrast, the intervening, fine-grained
facies appear to be not only widespread but continuous and distinctive. This applies
particularly to Units V and VII, which constitute the greatest part of the Cloverly
Formation as defined by Moberly (1960) and in this report. My opinion at this point
is that claystone fractions of nonmarine sequences may be of far greater value in subdivision and correlation of continental strata than are the coarse sandstone facies that
are more conspicuous and traditionally relied upon.

PREVIOUS STUDIES
The earliest investigations of these nonmarine strata are those of Darton (1904, 1906).
In his first report, Darton compared the stratigraphy of the Black Hills, Bighorn
Mountains and Rocky Mountain Front Range regions. In the Bighorn area he recognized lithologies that he considered to be the same as those of the Morrison Formation
in Colorado and adjacent to the Black Hills. Overlying the "Morrison", he described
(1904: p. 398) a "thin bed of sandstone which, from its stratigraphic relations and
character, is believed to represent the Lakota of the Black Hills, overlain by and merging into clays resembling the Fuson formation . . . it has been thought best to give this
series a separate designation. Accordingly, 'Cloverly' is proposed, a name derived from
a postoffice on the eastern side of the Bighorn basin." No type section was cited and
only the following general description was given (p. 398-399) :
The sandstone member of the Cloverly formation usually gives rise to a line of
knobs or low ridges on the divide along the eastern slope of the Bighorn uplift.
Ordinarily it is a coarse grained, buff or dirty gray, cross-bedded, massive sandstone, averaging 30 feet in thickness, but varying from 10-60 feet. The overlying
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clay is rarely exposed, but in a few outcrops it is seen to be a reddish to ashcolored clay, locally of darker gray color and with a thickness of from 30 to 40 feet.
Notice that this description was based on the exposure along the east flank of the Bighorn Mountains and that while it does correspond generally with the section exposed
around the margins of the Bighorn Basin, the relationship to topography and the nature of the exposures are quite different. West of the Bighorns, the "basal sand" rarely
forms ridges or topographic highs and commonly is concealed. The overlying claystone, on the other hand, is rarely concealed and usually forms steep, brightly colored,
fluted slopes or cliffs.
Darton's original description of the Cloverly was followed in 1906 by a more extensive discussion of general features, a detailed section recorded in the vicinity of the
Cloverly Post Office (Fig. 2 ) , which we may consider the type section (see my Plate
1: A ) , and brief descriptions of the Cloverly Formation at a number of other sites in the
Bighorn region. Following publication of Darton's 1906 report, a number of investigations were undertaken by others in other sectors of the Bighorn area, usually with
reference to natural resources. Few of these were regional in scope, most dealt with
only a limited area with little or no reference to adjacent areas. Many, in fact, merely
cited Darton's findings (apparently without examination of his sections) in subdividing and labeling sections in their own areas. Because of the provincial nature of most
of these earlier reports, the following discussion is similarly organized, treating local
sectors separately within the total study area.
CLOVERLY-SHELL CREEK AREA. T h e Cloverly-Shell Creek area encompasses the central
part of Big Horn County, Wyoming, and includes the outcrops along Shell Creek,
around Sheep and Little Sheep Mountains and the extensive but discontinuous badlands extending in a northwest-southeast-trending belt between Shell Creek and the
junction of the Bighorn and Shoshoni Rivers. Describing the Cloverly Formation
along the west flank of the Bighorn Mountains, Darton (1906: p. 52) wrote: " I n the
vicinity of Cloverly the formation varies in thickness from 50 to 125 feet, and to the
east and north of that place it consists of sandstones which outcrop extensively in
cliffs of massive buff-colored beds, mostly of moderately coarse-grained material. T o
the west the middle and lower portions of this sandstone change to a maroon color
and some clay is intermixed with the sand. This rock weathers into badlands." T h e
section given by Darton (following page) was located 1.5 miles (2.4 km) west of Cloverly, Wyoming.
In his 1904 report, Darton defined the Cloverly Formation as consisting of a lower
sandstone facies and an upper, brightly colored clay facies. H e did not include an upper sandstone. In his discussion of the overlying Benton Formation, however, he described (p. 399) the basal member as: "dark gray shales, in part sandy and of rusty
brown color with occasional thin beds of brown sandstone. Locally, the sandstone
expands into a bed of moderate thickness. It is possible that this portion of the formation [Benton] represents the Dakota sandstone of other regions. . . ." In his 1906 report, Darton altered his original definition to include a massive or thinly bedded sandstone overlying the bright clay member of the Cloverly Formation, this in turn being
overlain by a "rusty series" of the Benton Formation. Regarding correlation he wrote
(p. 53) : " T h e Cloverly formation is believed to represent the Lakota sandstone,
Fuson formation and Dakota sandstones of the Black Hills region."
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This report
Unit V I I I :

Unit V I I :

Unit V I :

Darton's report
Light-buff sandstone (overlain by Benton shale) . . .
Tan-colored sandstone

10 feet
10 "

Maroon clay
Reddish and tan-colored sandy clay
Drab sandy clay
Deep maroon sandy clay
Hard tan-colored sandstone
Deep maroon to purple variegated clay
Lenses of maroon sandstone
Deep maroon sandy clay

4
10
10
20
3
12
3
20

Olive-green, soft, cross-bedded sandstone with hard
layers (lying on maroon and drab-gray Morrison
shale)
Total

"
"
"
"
"
"
"
"

11 "
1 12 " [sic]

Fisher (1906), working under Darton's direction, relied on the latter's sections
along the eastern side of the Basin, simply quoting Darton's descriptions of sections.
Washburne (1908, 1909) thought the basal sand and middle clay members of the
Gloverly were absent at many localities and attributed this to erosion prior to deposition of the "rusty beds". In discussing the gas-producing horizon in the Basin-Greybull
area, Washburne (1908: p. 350) wrote:
T h e "rusty beds" are a constant feature of the base of the marine Cretaceous.
Seemingly they are as a group a true basal sandstone, resting upon a rather
smooth surface of erosion. Beneath this erosional surface at some localities is a
heavy sandstone, probably the lower sandstone of the Gloverly formation; but at
most places the Cloverly sandstone is absent and the "rusty beds" rest upon maroon, pink, or bright-green shales which are regarded as part of the Morrison
formation, though they may belong to the Cloverly. There can be no doubt as to
the lenticular nature of the Cloverly sandstone and its absence over most of the
area. T h e field evidence indicates that the sandstone was removed by erosion before the deposition of the overlying marine strata of the Upper Cretaceous.
T h e "lenticular sandstone" (Unit V I ) is absent locally; for example, at several
points in the extensive exposures between Bear Creek and North Fork Beaver Creek
some 3 to 5 miles (4.8 to 8 km) north of the former Cloverly Post Office site, locally
along the Cherry Anticline south of Shell Creek, in certain exposures west of Thermopolis and at several localities in the Beauvais Creek area of the Crow Indian Reservation. In the immediate vicinity of Cloverly, to the south at Shell Creek Dome and
in the badlands along the south side of Shell Creek, this "basal Cloverly sand" is ever
present, although it varies from less than 3 to more than 30 feet (0.9 to 9.0 m) thick.
T h e field evidence mentioned (but not identified) by Washburne, which supposedly
indicated that this sand was removed prior to deposition of the marine (Thermopolis)
sequence, was never recognized by us, for whether or not the "basal Cloverly sand" is
present, the brightly colored, polished pebble-bearing claystone (Unit V I I ) is present
everywhere within the study area beneath the sandstone (Unit V I I I ) of the "rusty
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series". Thus Washbume's second thought that the maroon shales beneath the "rusty
beds" possibly belong to the Cloverly Formation would seem to be correct. Washburne
repeated his interpretation in 1909 (p. 168) at the conclusion of his description of the
section near the Montana state line: " I n all other places examined none of the
[Cloverly] formation above the basal sandstone is certainly present, and in most places
the entire formation is absent. This hiatus is due to an unconformity separating the
Cloverly formation from the overlying marine Colorado shale."
This statement is contrary to our findings. During the course of the present investigation, the entire outcrop belt of the Morrison-Cloverly sequence was walked out in
the area shown in Figure 2. Throughout this area the "rusty series", with or without
a massive sandstone at its base, lies on variegated, maroon to red-brown or purplish
claystone rich in polished pebbles (Unit V I I ) . This in turn lies on either a massive,
cross-bedded sandstone u p to 70 feet (21 m) thick (Unit V I ) , or on drab, chalcedonyconcretion-rich, bentonitic claystone (Unit V ) . Contrary to Washbume's interpretation,
we found no evidence to substantiate a post-Cloverly, pre-Colorado (Thermopolis) erosion surface in this area. Local absence of Unit V I is attributed to lack of deposition
rather than erosion, for Unit V I I is universally present in this vicinity.
Hintze (1915), who formalized the term Greybull sandstone, described (p. 14-15)
the Cloverly Formation in the Shell Creek area as consisting
of sandy shales and clays, often brightly colored, tan, maroon, or purple, lying
between two sandstone members, in typical section. It is to be noted, however,
that the upper one of the sandstones is often wanting, and in such sections the
outcrop is apt to be less conspicuous. This condition is noticeable on the south
side of Shell Creek three miles east of the Sheep Mountain section above referred
to, where the "Rusty Beds" of the lower part of the Colorado rest directly upon
the variegated shales and clays of the central part of the Cloverly. T h e absence of
the upper sandstone may be due to nondeposition or to erosion previous to the
deposition of the Colorado sediments. . . .
T h e absence of a massive sandstone at the base of the "rusty beds" (usually labeled as
the Greybull sandstone) was noted at a number of sites west of Cloverly, along
Crooked Creek near the Montana state line, and particularly within the Crow Indian
Reservation. It appears that this unit grades laterally from a massive sandstone to
thinly bedded strata interbedded with thin laminae of fissile, black shale. Hintze, however, accounted for the absence of the upper massive sandstone by a pre-Colorado
erosion episode in accordance with Washbume's suggestion.
T h e term Greybull sand, long used by drillers to refer to the gas-producing horizon in various fields along the eastern margin of the Bighorn Basin, was first formally
applied to surface exposures by Hintze (1915: p. 15), who identified it with the
prominent sandstone at the base of the "rusty series" in the Basin-Greybull area. Subsequent studies of surface geology have generally followed this usage, but identification of the Greybull sandstone in subsurface appears to have been inconsistent. The
usual practice seems to have been to apply this term to the first massive sandstone
below the Muddy Sandstone Member of the Thermopolis Shale, whether it was one of
the discontinuous sands within the lower Thermopolis, a sand at the base of a "rusty
series" (Unit V I I I ) , or the "basal Cloverly sand" (Unit V I ) .
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Hewett and Lupton (1917: p. 68) referred to only one section in this area, giving
a brief description of the exposures in Shell Creek Dome. They list 25 feet (7.5 m) of
conglomeratic sandstone, 75 feet (21.5 m) of variegated red "shale" and 25 feet (7.5
m ) of upper sandstone, referred to as the Greybull sand, in their Gloverly Formation.
These correspond to Units V I , V I I and V I I I (see Chart 1) of our section at Shell
Creek Dome (Section 12 of Fig. 4 ) .
Lee (1927: PL 2) described a section measured 2 miles (3.2 km) west of the former Cloverly Post Office site, near Darton's type section. His section corresponds
closely to that of Darton, except that it is slightly thicker (see Chart 1). Lee recorded
the "basal Cloverly sand" as 35 feet (10.6 m) thick (compared with Darton's 11 feet)
and the overlying variegated claystone member, including a 10 foot sandstone, as 105
feet (32 m) (compared with Darton's figure of 82 feet). We found exposures which
closely approach Lee's description approximately 1 mile (1.6 km) north of the small
reservoir on Beaver Creek (see Plate 1:A). Of particular importance here is Lee's
notation that he did not observe a lower "brown conglomeratic sandstone" below the
"basal Cloverly sandstone" such as he observed in exposures near Hyattville (p. 62)
and Thermopolis (p. 5 9 ) . However, we found just such a lower conglomeratic sandstone (Section 14 of Fig. 4) about 3.5 miles (5.6 km) east of the type exposures,
which is indistinguishable from the Pryor Conglomerate. This latter unit, with its
abundant black chert pebbles, has tentatively been labeled Unit IV.
T h e absence of a second or lower conglomeratic sandstone in the type area may be
a significant contributory factor in the conflicting placements by various students of
the Morrison-Cloverly boundary throughout the Bighorn area. T o the north, the base
of the Cloverly is most frequently placed at the base of the Pryor Conglomerate, which
lies well below the level of Darton's basal sandstone. O n the west side of the Basin, the
boundary is placed at the base of the most prominent conglomerate, or in the absence of
a conglomerate, at the top of the variegated claystones. In the south, if a conglomerate
is present, the boundary is placed there; otherwise it may be placed almost anywhere
in the variegated claystone sequence. I think it is important to note here that while
Darton did describe his basal sandstone member as conglomeratic at certain localities,
he did not describe it as such in the Cloverly type area. T h e type basal sand can be
traced to sites where it is conglomeratic, but clearly it is not persistently conglomeratic,
nor is it continuous. It is also important, and unfortunate, that most of the continental
section below Darton's basal Cloverly sand is no longer exposed at the type section
(a small dam across Beaver Creek has flooded this critical spot). However, a complete
section is exposed in the twin buttes approximately 3.5 miles (5.6 km) to the east and
here a Pryor-like conglomerate 18 feet (5.5 m) thick is well exposed approximately
100 feet (30 m) below Darton's basal sand. This exposure is perhaps the most critical
evidence indicating that the Pryor Conglomerate and Darton's basal Cloverly sandstone are not identical (see Sections 13 and 14 of Fig. 4 ) .
A second section recorded by Lee (1927: PL 2) is located 8 miles (12.8 km)
northwest of Greybull on the west limb of the Sheep Mountain Anticline. This is in
the vicinity of Section 17 given at the end of this report (Appendix A ) . In this section,
Lee assigned 293 feet (94 m) ( + 100 feet of overlying Greybull sandstone) to the
Cloverly Formation and 260 feet (79 m) to the Morrison; the total is more than 250
feet (76 m) thicker than we observed for the nonmarine section anywhere in this area.
T h e uppermost 35 to 95 feet (9.5 to 30 m) of variegated claystone of Lee's section are
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here equated with Unit V I I , the underlying 200 feet ( 6 1 m ) with Unit V. Lee's 260
feet of "Morrison" may correspond with the lower part of Section 17 (Fig. 4 ) , which
may be either Unit I I I or I (Chart 1 ) .
A very different usage is given by Pierce (1948) in his geologic map of the BasinGreybull area. Pierce does not separate the Morrison-Cloverly sequence, but in his
columnar section he includes the Greybull sandstone as the lower member of the
Cloverly, with the overlying "rusty beds" composing the remainder of this Formation
(Chart 1 ) .
Moberly (1960), in the most recent and comprehensive stratigraphic analysis of
this sequence, redefined the Cloverly Formation to include the underlying 150 to 300
feet (45 to 90 m) of sandstones and claystones beneath Darton's type Cloverly, restricting the Morrison Formation to the lowermost ± 200 feet (61 m) of nonmarine sediments overlying the Sundance Formation. In general terms, Moberly's new alignment
compares with Darton's 1906 classification and that used here as follows:
Darton, 1906

This

Moberly, 1960

Report

"Dakota-like" sandstone
+ "rusty beds"

Sykes Mountain Fm.

Unit V I I I + "rusty beds"

Variegated middle claystone
member, Cloverly Fm.

Himes Member of the
Cloverly Formation

Unit V I I

Basal sandstone member of
the Cloverly Formation

"Lithic wacke" of the
Himes Member, Cloverly Fm.

Unit V I

Morrison Formation (part)

Little Sheep Mudstone
Member, Cloverly Fm.

UnitV

Morrison Formation (part)

Pryor Conglomerate
Member, Cloverly Fm.

Unit I V

Morrison Formation (part)

Morrison Formation

Units I, I I , I I I

Sundance Formation

Sundance Formation

Sundance Formation

Moberly (1960: p. 1142) justified this expansion of the Cloverly Formation on the
following grounds:
A formation is a genetic lithic unit, and because of its genetic and economic significance, lithic constitution of a sequence is fundamental to subdivision into
formations. Frequently, expediency for mapping an area has determined which
lithic characters are selected for determining formational boundaries. However,
as understanding the origin of a series of sedimentary rocks becomes of more
value in the historical interpretation of an area, lithologic characters of greatest
genetic significance, rather than those most easily mapped, must be selected for
the determination of a formation.
But for the final remark, I would agree with most of Moberly's statement. Rock units,
to varying degrees, reflect their genesis, and genetic characters may, and should, be
utilized when establishing formal stratigraphic units. But the purpose of formalizing
a stratigraphic sequence into formations and members is not to define paleoenvironments any more than it is to establish rock ages; it is to classify or separate a variety
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of lithic entities into practical, easily identifiable units. T h e fundamental objective is
identity—the clear, unmistakable identification by everyone concerned. Formalization
of a stratigraphic sequence, to this end, requires that it be based on the most conspicuous, reliable and persistent features available, whether or not they have recognized
significance for any particular hypothesis of origin or theoretical lithotope.
As noted earlier, my objective in these discussions is to equate our stratigraphic
sections and the precise levels of the vertebrate fauna with the stratigraphic interpretations of others. It is unfortunate that so few of the early reports include detailed
measured sections (or precise locations for sections), for without these data it is impossible to arrive at an accurate equation. In the absence of detailed sections, the
reader is forced to guess at the data that are the bases of an author's interpretations
and stratigraphic subdivisions. Chart 1 summarizes part of the above discussion by
equating the few published sections from the Cloverly-Shell Creek area with the major
subdivisions of the Morrison-Cloverly sections used in this report. These are based on
observations made at the section sites mentioned or in the immediate vicinity of those
sections.
A total of seven localities (Locality Maps D, E, F and G) were discovered in the
general area of the Cloverly Post Office site, Shell Creek valley, and Sheep and Little
Sheep Mountains, which produced fragmentary but identifiable fossil vertebrate material. These materials are reported in the following section on systematic paleontology. Three of these localities (YPM 62-4, 62-5 and 62-6) are situated in the extensive
outcrop area south of Shell Creek. Two of them occur in the lower part of Unit V I I ,
from 5 to 15 feet (1.5 to 4.5 m) above its base. T h e third (YPM 62-6) is in Unit V
approximately 30 feet (9 m) below the base of Unit V I . A fourth site (YPM 62-10)
is situated at the south end of Sheep Mountain Anticline and is in Unit V I approximately 10 feet (3 m) above its base. Three more localities (YPM 62-11, 62-12 and
62-13) are located approximately 18 miles (29 km) west of the Cloverly Post Office
site on the south limb of Little Sheep Mountain Anticline near Himes, Wyoming
(Locality M a p G ) . All three lie in the upper 2 or 3 feet (0.6 to 0.9 m) of Unit V I I .
In addition, a number of other localities were recorded in this area, particularly west
of "Cloverly", south of Shell Creek and along both east and west flanks of Sheep
Mountain, where abundant bone fragments were weathering out of the middle and
lower parts of Unit V. No collections were made at these sites because exploratory
excavations indicated that these bone concentrations were surface lag accumulations,
the resistant residue left after removal of the bone-bearing claystone.
The American Museum's famous Howe Quarry (Brown, 1933, 1935) lies within
this area in NE J4 sec. 9, T.54 N., R.91 W., (see my Fig. 2 ) , and because Brown reported this site to be within the Cloverly Formation, it was carefully checked during
our first field season. Exposures are poor and discontinuous in the area and faulting
or slumping has disturbed the section sufficiently to make precise correlation difficult
and uncertain. However, on both lithic and stratigraphic grounds I have concluded
that the Howe Quarry lies well below the Cloverly Formation, and at least 150 feet (45
m) below Unit VI. Comparison with the Cedar Creek Section (measured Section 14 of
Fig. 4 ) , 1.5 miles (2.4 km) to the southwest, places this site near the middle of the
lower claystone sequence (Unit I I I or I ? ) , approximately 40 feet (12 m) below Unit
IV. If the latter Unit is correctly identified as the Pryor Conglomerate, the Howe
Quarry falls outside of the Cloverly (contrary to Brown's [1933] statement), regard-
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less of whose usage is adopted. This placement appears to be consistent with the materials collected there. T h e Howe Quarry collection is not given detailed analysis here,
but the collections made there consist entirely of sauropod remains that are referable
to Morrison taxa Camarasaurus and Diplodocus.
HYATTVILLE-TENSLEEP-NOWOOD CREEK AREA. This region includes the southern part
of Big Horn County and the central part of Washakie County. Outcrops parallel Nowood Creek from the northern county boundary to the common corner of Washakie,
Hot Springs and Fremont Counties. In the north they form a long ridge along the west
limb of Cherry Anticline. Badland type exposures are rare in this area, most outcrops
occurring in low cuestas or prominent hogbacks. Darton (1906) was the first to consider the Morrison-Cloverly section in this area, describing (p. 52) the Cloverly Formation at three localities as follows:
On Nowood Creek, south of Tensleep, the formation consists of a massive lightcolored sandstone about 40 feet thick, overlain by 30 to 60 feet of light-colored
shale, mostly massive, and at the top a thin bed of buff to reddish-brown sandstone 8 to 10 feet thick. A mile west of Tensleep the basal sandstone is nearly
pure white in color, coarse grained, and cross-bedded. The overlying shale and
clay are 60 feet thick and at the top are 8 feet of sandstone varying in color from
white to buff and brown. In the vicinity of Hyattville the following members are
exposed: At the base 40 feet of buff cross-bedded sandstone overlain by 130 feet
of clays, reddish near the bottom, greenish and sandy higher up, maroon toward
the top, and gray and sandy at the top. These clays are overlain by a 15 foot bed
of hard, buff, partly massive sandstone succeeded abruptly by dark Benton shales
with thin, brown sandstone layers.
T h e first two sections coincide with our observations in those areas, the units mentioned corresponding to Units VI, V I I and V I I I (Chart 2 ) . T h e section at Hyattville,
however, is interpreted differently here (Section 10 of Fig. 4 ) . Within the 130 foot
(39 m) claystone sequence mentioned by Darton, we found the lower 36 feet ( 1 1 m )
consisted of pale-maroon to gray calcareous claystone apparently lacking in chalcedony concretions. This is overlain by 38 feet (11.6 m) of brightly colored, variegated,
red, deep-maroon, red-brown and gray claystone, partly bentonitic, with frequent
chalcedony concretions. T h e upper 35 to 40 feet (11 to 12 m) is very similar to the
underlying claystone except that chalcedony concretions were not found, whereas polished pebbles are common, although not abundant. The universal absence of chalcedony concretions above the level of Unit V elsewhere in the study area, and the apparent restriction of polished pebbles to claystones above this level, suggests that Darton's Cloverly claystone in the Hyattville area includes both Units V and V I I , and
that the lower 30 to 40 feet (9 to 12 m) overlying his "basal sandstone" may represent Unit I I I . At some exposures, particularly to the south and west of Hyattville, a
thin, 1 to 6 foot (0.3 to 1.8 m ) , medium-grained, quartz-feldspar sandstone occurs
approximately 35 to 50 feet (10.5 to 15 m) below the top of the claystone sequence.
This may be a local wedge of Unit V I . The "basal sandstone" described by Darton in
the Hyattville area, lying below a chalcedony concretion zone, appears not to correlate with his basal sandstone in the type exposures; Iithologically it is very similar to
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the lowest prominent sandstone in the Thermopolis area (Unit I I ) . O n these grounds
it is tentatively correlated with that Unit.
Hewett and Lupton (1917) provide only the briefest general description of the
Morrison-Cloverly sequence (p. 19) together with occasional comments on exposures
in various anticlinal structures in this area. Referring to exposures in Paintrock, Mercer, Nowood and Bud Kimball Anticlines (p. 85, 91, 99 and 117-118), they note a
uniform thickness of 125 feet (38 m) for the Cloverly Formation and 200 to 250 feet
(61 to 76 m) for the Morrison. T h e latter is described simply as variegated "shales"
and sandstones, the Cloverly as consisting of upper and lower sandstones, both 20 to
25 feet (6 to 7.5 m) thick (the lower one usually conglomeratic) and a middle variegated shale 75 to 80 feet (23 to 24.5 m) thick. Although we did not find the section
to be so uniform, the comments generally agree with our findings at these structures.
For example, at Bud Kimball Anticline south of Tensleep we measured the lower conglomeratic sandstone (Unit V I ) as 55 feet (16.5 m ) , the middle claystone, which
contains abundant polished pebbles, as 35 feet (10.5 m) and the upper sandstone
(Unit V I I I ) as 5 to 10 feet (1.5 to 3 m ) . At Paintrock Anticline the upper "gastrolithic" claystone (Unit V I I ) is 45 to 50 feet (13.5 to 15 m) thick and underlain by a
4 to 6 foot (1.2 to 1.8 m) sandstone that I believe represents Unit V I . Beneath this is
125 to 135 feet (38 to 41 m) of variegated claystone (Unit V ) , 45 feet (13.5 m) of
coarse, light-tan sandstone (Unit II?) and 175 feet (53.5 m) of drab, gray-green
claystone and sandstones (Unit I ) . Throughout their report, Hewett and Lupton apply
the term Greybull sandstone to the sandstone at the base of the "rusty series", but they
make an erroneous reference (p. 19) to the "Greybull sandstone" illustrated in their
Plate IVA, which they describe as lying unconformably on "variegated shales of the
Morrison Formation near Tensleep". T h e sandstone illustrated, however, is the basal
sandstone (Unit V I ) of Darton's Cloverly and is overlain by brightly colored, variegated, polished pebble-bearing claystone (Unit V I I ) — n o t the "rusty series".
Lee (1927: p. 60-62) included descriptions of sections at Nowood, Tensleep,
Hyattville, near Bonanza Anticline and north of Hyattville (Mercer Anticline?) (see
my Chart 2 ) . His description of the Cloverly section at Nowood, approximately 30
miles (48 km) south of Tensleep, matches my Units V I , V I I and V I I I , but Lee omits
information about the thickness of his "Cloverly members", thus these correlations
cannot be verified. Lee's Tensleep section lists a 70 foot (21.3 m) conglomeratic basal
Cloverly sandstone, a 30 foot (9.1 m) middle "shale" member and 10 ± feet (3 m)
for the upper (Greybull) Cloverly sandstone. These have been identified as Units V I ,
V I I and V I I I , although we obtained slightly different thicknesses. For some unexplained reason, the above description does not match Lee's Tensleep column (PI. 2)
which lists these units at 45, 63 and 9 feet (13.5, 19.2 and 2.7 m ) , respectively. Of
particular interest is Lee's reference (p. 61) to a second conglomerate 7 feet thick
beneath his "basal Cloverly sandstone", which he judges as not part of the Cloverly
Formation but corresponding to the coal-bearing part of the Kootenai. He does not
attempt to equate this with a similar but thicker lower conglomerate that he (and we)
noted 3.5 miles (5.6 km) northeast of Thermopolis, although this is an obvious possibility. T h e fact that Unit V is apparently absent in exposures in the Tensleep vicinity (see
Section 9, Fig. 4) may be significant and appears to lend support to this latter interpretation. Except that it is significantly coarser grained and less brilliant white in color, I could
find no evidence for separating the lower 6 to 12 feet (1.8 to 3.6 m) from the overly-
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ing 40-odd feet (12 m) of sandstone at this site, but it is entirely possible that this
prominent massive unit represents both Units I V and V I of our classification. Lee's
descriptions of the Cloverly exposures immediately south of Hyattville seem to correspond to elements that we labeled VI, V I I and V I I I (Section 10, Fig. 4 ) , but again
he provided no thicknesses. North of the Bonanza Anticline, probably in the north end
of the Paintrock Anticline, Lee estimated the lower Cloverly sandstone at more than
100 feet (30 m) thick and the "red, sandy shales containing many polished pebbles
or 'stomach stones' " at about 200 feet (60 m) thick. Overlying these he listed a 5 to
15 foot (1.5 to 4.5 m) sandstone (Greybull). We did not record a section at this locale, but at no place in the Paintrock Anticline did we encounter thicknesses for these
units of more than 50 and 135 feet (15 and 41 m ) , respectively. At this area, Lee
again noted a brown conglomerate (which he compared with that near Thermopolis)
1 to 10 feet (0.3 to 3.0 m) thick, overlain by a carbonaceous shale, lying beneath his
"lower sandstone member of the Cloverly". I have tentatively identified it as Unit IV,
correlating it with the Pryor Conglomerate to the north. In exposures 1 or 2 miles
(1.6 to 3.2 km) to the south near Paintrock Creek, we found no sign of this lower,
dark conglomerate. Furthermore, we found that only the upper 45 to 55 feet (13.5 to
18.5 m ) of the variegated claystone sequence definitely represented Unit V I I ; the
underlying 125 to 135 feet (38 to 41 m) of claystone is rich in chalcedony concretions
and thus represents Unit V (and perhaps part of Unit I I I ) . No chalcedony concretions were found either above or below Lee's "100 foot thick" Cloverly sandstone at
the north end of this anticline, but polished pebbles are infrequently present in the
overlying claystones. O n this basis, Lee's Cloverly Formation here is equated with
Units V I , V I I and V I I I (Chart 2 ) .
Another critical section is exposed in the Mercer Anticline approximately 6 miles
(9.6 km) northwest of Hyattville. Lee (1927: p. 62) described the section in a small
dome (not identified by name, but presumed to be the above structure) in this locale
as follows:
Here a brown conglomerate consisting chiefly of pebbles of chert and ranging
in thickness from 1 to 25 feet rests on variegated shale of the dinosaur-bearing
Morrison formation. Above the brown conglomerate is a brown to black shale 5
to 20 feet thick containing carbonized plant remains and thin seams of brown
lignite. T h e variation in thickness seems to be due to erosion, for the overlying
conglomeratic sandstone rests on the shale with sharp irregular contact. . . . T h e
higher conglomeratic sandstone is gray, massive, and cross-bedded and is 50 feet
or more in thickness. It is the lower part of the Cloverly of northern Wyoming
and is the lower conglomeratic sandstone of the group of rocks which the writer
correlates with the Dakota group of Bellvue, Colo.
Overlying the upper conglomeratic sandstone is 50 to 65 feet (15 to 20 m) of variegated claystone locally rich in polished pebbles that we identified as Unit V I I , capped
by massive and thinly bedded, buff to rusty-brown sandstone (Unit V I I I ) . Exposures
in the Mercer Anticline are generally poor, but we found no evidence of chalcedony
concretions in the area, indicating that Unit V probably is absent here. Moreover, the
upper conglomeratic sandstone could not be traced to other exposures north and
south, between Shell Creek and Hyattville. However, I believe Lee's interpretation is
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correct and have assigned this sandstone to Unit V I . Thus Lee's interpretation of the
Cloverly in the Mercer Anticline corresponds to Units V I , V I I and V I I I of our classification. T h e underlying lignitic shale and lower, brown conglomerate resemble very
closely the sections in the north end of Paintrock Anticline and 3.5 miles (5.6 km)
northeast of Thermopolis (see Section 6 of Appendix A and Fig. 4 ) . At all three sites
this conglomerate is characterized by black, dark-gray or brown chert and gray and
brown quartzite pebbles. T h e sand fraction is also predominantly dark chert and
quartzite. T h e resemblance to the Pryor Conglomerate is evident; accordingly, it is
here designated Unit IV. It should be apparent to the reader that this part of the section also seems to correspond to part of the Tensleep section as interpreted by Lee. T h e
sequence below this "Pryor-like" conglomerate is very poorly exposed in the Mercer
Anticline, but presumably it represents either or both Units I and I I I .
Rogers et al. (1948), in their geologic map of the Worland-Hyattville area do not
designate a specific boundary between the Morrison and Cloverly Formations, although they do list the "Greybull sandstone" ("5 to 70 feet of light-gray to brown
resistant sandstone") as the lower member of the Cloverly! They describe the "Greybull sandstone" as being overlain by "sandstone, siltstone and shale and several thin,
interbedded ironstone or 'rusty beds' " and underlain by a sequence of gray, red and
light-purple claystone and shale and interbedded brown, lenticular sandstone containing the so-called gastroliths. From this description it is clear that their "Greybull
sandstone" corresponds to our Unit V I I I , and that their Cloverly Formation (they list
125 feet [38 m]) consists chiefly of the overlying "rusty series". Their Morrison Formation thus includes our Unit V I I and all underlying nonmarine elements.
Moberly (1960) extended his redefined Cloverly Formation (equaling Units IV,
V, V I and V I I ) to the vicinity of Hyattville, but no specific sections were described
from this area (see Chart 2 for a summary of these previous interpretations).
Mirsky (1962a and 1962b) has presented the most detailed stratigraphic sections
within this area. His initial contribution contained 20 measured sections, 6 of which
are located in the Morrison-Cloverly outcrop belt between Nowood and Tensleep.
These latter sections are duplicated in Chart 2 and correlated with the terminology
used in this report, based on our examination of exposures in the vicinity of Mirsky's
sections. T h e same 20 sections form the bases of Mirsky's more extensive paper on the
stratigraphy of nonmarine Upper Jurassic and Lower Cretaceous strata (1962b) along
both east and west flanks of the Bighorn Mountains.
In brief, Mirsky recognized four major units, which he believed to be the same
basic units recognized by Darton (1904). They are a lower, variegated mudstone,
which Mirsky considered to be the Morrison Formation; a white to gray, cross-bedded
sandstone, which he formalized as the Otter Creek Sandstone member of the Cloverly
Formation; an upper, variegated mudstone, which he identified as the upper member
of the Cloverly Formation (including an overlying sandstone) ; and an uppermost
sequence of interbedded black shales and thin sandstones ("rusty series"), which he
considered to be the basal strata of the Thermopolis Shale. Mirsky's first unit, which
varies from 210 to 265 feet (64 to 80.5 m) thick, corresponds to Units I, I I ? , and I I I
of this report. T h e Otter Creek Sandstone corresponds to Unit V I , although there is
some doubt as to whether or not this is the same as Darton's type basal Cloverly sandstone. T h e lower part of Mirsky's mudstone member of the Cloverly corresponds to
our Unit V I I , and the upper sandy part of that member is equated with our Unit
V I I I . Thus Mirsky's Cloverly Formation here corresponds to Units V I , V I I and V I I I .
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T h e Otter Creek Sandstone occupies the same stratigraphic position as the basal
sandstone described by Darton at the type Cloverly exposures, but it cannot be demonstrated that it is the same unit. Lithologically it is quite different from Unit V I in
the area north of Shell Creek, but it closely resembles the upper of two middle sandstones at Thermopolis. In the outcrops between Tensleep and Thermopolis, the
chalcedony-rich claystone (Unit V ) is absent and the Otter Creek Sandstone lies disconformably on rather drab, calcareous and sandy claystone. At Tensleep, it is underlain by 6 to 12 feet of gray, conglomeratic sandstone that resembles the Pryor Conglomerate (Unit IV) of more northerly exposures. At Thermopolis (Sections 5 and 6
of Fig. 4 ) , a thick sandstone resembling the Otter Creek Sandstone is underlain by a
similar, dark-gray conglomerate that I have tentatively labeled as Unit IV, and which
very closely resembles the Pryor Conglomerate. Certainly it is significant, I think, that
a Pryor-like conglomerate occurs at the appropriate level in exposures at Mercer and
Paintrock Anticlines, and at Tensleep (also Thermopolis), as well as near the type
Cloverly exposures. Elsewhere between Thermopolis and the type Cloverly area this
conglomerate (Unit I V ) is absent, as is Unit V—the overlying chalcedony-rich claystone. In the vicinity of Nowood Creek at least there appears to be a parallel absence
of Units I V and V. Correlated with this is the presence of a thick, coarse sandstone
(Otter Creek Sandstone). It appears the absence of Units I V and V is the result of
extensive erosion prior to or at the time of deposition of the Otter Creek Sandstone.
There does not appear to be a significant angular discrepancy between strata above
and below this level, but more data are required.
Only two fossil vertebrate localities were found in the Hyattville-Tensleep area
(Locality Maps B and C ) . T h e first (YPM 66-3) is located approximately 2 miles
(3.2 km) southeast of Hyattville in gently dipping exposures north of Cedar Mountain. T h e stratigraphic level could not be determined precisely, but it is clearly within
the limits of Unit V I I at least 30 feet (9 m) below Unit V I I I . Locality Y P M 66-4 is
in the southern end of Paintrock Anticline, approximately 6 miles (9.6 km) southwest
of Hyattville. Again, the low angle of dip and the breadth of exposures made precise
stratigraphic placement uncertain, but there is no doubt that it lies within Unit V I I .

THERMOPOLIS AREA. This area includes the central part of Hot Springs County, Wyoming. Outcrops of the Morrison-Cloverly section are limited to a sinuous cuesta flanking the Owl Creek Mountains and the Thermopolis and Warm Springs or Red Springs
Anticlines. Interpretation of the stratigraphy in this area poses many questions, for
exposures, although common, are discontinuous and often partly covered. Moreover, the
Cloverly-Morrison sequence here is more variable and includes fades not represented
(or recognized) in other areas. However, most of the eight major units have been
identified.
Fisher (1906) was the first to describe the Mesozoic strata exposed along the north
flank of the Owl Creek Mountains, but his brief description of a Cloverly section at
the west end of the Thermopolis Anticline is not adequate for comparison with sections recorded by others or observed by us. Fisher's 1908 report contained a more
detailed section that he measured 3.5 miles (5.6 km) north of Thermopolis (probably
not far from the site of measured Section 5 of this report). In his 1908 section (p.
8 5 - 8 6 ) , Fisher recorded 40 feet (12 m) of variegated "shale" (Unit V I I ) beneath

32

PEABODY MUSEUM BULLETIN 35

24 feet (7.3 m) of thin-bedded and massive sandstones and blue, drab "shale" (Unit
V I I I ) . T h e variegated "shale" rests on 38 feet (11.5 m) of massive, light-colored,
cross-bedded, conglomeratic sandstone (Unit V I ) , which in turn lies on 59 feet (17.8
m) of greenish-brown "shale" (Unit I I I ? ) . Beneath this, according to Fisher, lie 130
feet (39.6 m) of yellowish-gray, massive sandstone (Unit I I ) . Fisher included this
entire section, totaling 290 feet (88.5 m ) , in the Cloverly Formation (Chart 3 ) .
Hewett and Lupton (1917: p. 138) gave extremely brief descriptions of the Morrison and Cloverly Formations as exposed in Red Spring (Warm Springs?) and
Lucerne Anticlines. Their Cloverly Formation appears to correspond to Units V I ,
V I I and V I I I of this report, but their descriptions are not adequate for detailed
comparisons.
Lee (1927: PL 2 and p. 58), in a section located 2 miles (3.2 km) northwest of
Thermopolis, recorded 42 feet (12.7 m) of conglomeratic basal Cloverly sandstone
(Unit V I ) , 82 feet (25 m) of variegated claystone (Unit V I I ) and 60 feet (18.3 m)
of ripple-marked, rusty-brown sandstone (Unit V I I I ) . Three and a half miles (5.6
km) north of Thermopolis, Lee registered (PL 2 and p. 58) a 90 foot (27.5 m) thick
conglomeratic, basal (Cloverly) sandstone (Unit V I and possibly I V ) , overlain by 55
feet (16.5 m) of red and bluish sandy "shale" (Unit V I I ) , topped by 53 feet (16 m)
of thinly bedded sandstones interbedded with variegated "shales" (Unit V I I I ) . A
mile (1.6 km) to the east of this last section, Lee noted (p. 59) 25 feet (7.6 m) of
brown chert pebble conglomerate (Unit I V ) and 20 feet (6.1 m) of carbonaceous
shale with plant remains, beneath a 75 foot (22.8 m) thick conglomeratic sandstone
(Unit V I ) that he correlated with the basal Cloverly sandstone of exposures to the
west. Notice that this section correlates almost unit for unit with the sections described
earlier at Paintrock and Mercer Anticlines, and possibly with Lee's interpretation of
the exposures 1 mile (1.6 km) west of Tensleep (see Section 6 of Appendix A and
Fig. 4 ) . These three sections, together with exposures in the type Cloverly area, are
considered critical for correlation of the eight listed major units around the margins
of the Bighorn Basin.
J. D. Love and others (1945) published a series of stratigraphic columns of the
Lower Cretaceous and nonmarine Jurassic rocks in central Wyoming that included a
column measured approximately 4 miles (6.4 km) north of Thermopolis. T h e column
included some 18 feet (5.5 m) of variegated claystone (Unit V I I ) beneath the "rusty
beds", underlain by a massive 25 foot (7.6 m) thick conglomeratic sandstone (Unit
V I ) resting on more than 50 feet (15 m) of variegated claystone. T h e claystone
overlies some 38 feet (11.5 m) of conglomeratic sandstone (Unit IV?) resting on light
and dark-green siltstones (Unit I I I ? ) . This rests on 150 feet (45 m) of massive gray
sandstone (Unit I I ) . It appears likely that Love's lower conglomeratic sandstone is the
same as the lower, brown chert pebble conglomerate of Lee's third section, and the
one noted by us at the sites of measured Sections 5 and 6. Love et al. did not subdivide the nonmarine section, but they noted a zone of "sparkly, clean, porous, soft sandstone with lenticular chert pebble conglomerate" and related this to a quartz crystal
sandstone at the base of the Cloverly in areas outside the Bighorn Basin. T h e suggestion is made that the base of this quartz sandstone may represent the contact between
the Morrison and Cloverly Formations here.
It is evident from these reports that two conglomeratic sandstones occur at least
locally in the Thermopolis area (one locale at which the lower of these is absent is
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Warm Springs [Red Springs?] Dome approximately 10 miles (16 km) east of Thermopolis, as noted by Lee), separated at some places by 10 to 50 feet (3 to 15 m) of
drab-green, lignitic claystone. At exposures on the west side of U. S. Highway 20,
approximately 3.5 miles (5.6 km) north of Thermopolis, we found both of these conglomerates represented (but not separated) although they apparently were not recognized by either Fisher or Lee, both of whom recorded measured sections in this
immediate vicinity. The intervening claystone is absent at these outcrops, but as recorded in Section 5 (Fig. 4), the lower 15 feet (4.5 m) of the prominent massive
sandstone facies weathers dark gray to brown and consists largely of black and
brown chert pebbles up to 1 inch (2.5 cm) in diameter—identical to the lower conglomerate exposed less than a mile (1.6 km) to the east across the Bighorn River. The
overlying 35 feet (10.6 m) of sandstone weathers white to tan, is conglomeratic in its
lower third with pebbles predominantly of light-colored quartzite and white chert—
identical with the upper conglomerate across the river. This upper conglomerate is
interpreted here as the "basal Cloverly sandstone" (Unit VI) and may also be correlated with the Otter Creek Sandstone Member of Mirsky (1962b). The lower one, on
both lithologic and stratigraphic grounds, appears to correspond to the Pryor Conglomerate of more northerly exposures and is here labeled Unit IV.
The chalcedony-rich claystone facies (Unit V), which occurs between two very
similar conglomeratic sandstones to the north in Big Horn County, is absent in the
Thermopolis area and in outcrops to the east and north at least as far as Hyattville
(it occurs locally in Paintrock Anticline and exposures immediately south of Hyattville [see Section 10 of Fig. 4], but not in Mercer Anticline northwest of Hyattville).
But, Unit V is everywhere present in exposures west of Thermopolis and north of
Mercer Anticline. Absence of Unit V in this area should not be considered reason for
discounting the possible equivalency of the lower, chert pebble sandstone with the
Pryor Conglomerate, for stratigraphic relationships in the Thermopolis area clearly
indicate a significant erosion surface exists at the base of the upper conglomeratic
sandstone (Unit V I ) , as suggested by Lee, (1927: p. 59, 62). The variable presence
and thickness of carbonaceous shale between these conglomerates (see Lee's sections
at Paintrock and Mercer Anticlines, and east of the Bighorn River at Thermopolis;
also our Sections 5 and 6 of Fig. 4), support such an interpretation. It is probably
significant that this erosion surface also correlates with the absence of Unit V and, at
some places (Warm Springs Dome), Unit IV. It appears that removal of Unit V, part
or all of Unit IV and perhaps the upper part of Unit III occurred during influx of the
conglomeratic phase of Unit VI in the southeastern part of the Bighorn Basin. It is
perhaps significant that in this area wherever Unit V (and sometimes Unit IV) is
absent, Unit VI is usually conglomeratic and has near-maximum thickness (see Sections 5, 6, 7, 8 and 9 of Fig. 4). Wherever Unit V is present, Unit VI is almost always
thin (or absent) and is rarely conglomeratic.
Section 5 of Appendix A (and Fig. 4), taken at the prominent exposures on the
west side of U. S. Highway 20, 3.5 miles (5.6 km) north of Thermopolis, includes an upper, brightly colored, variegated claystone 67 feet (20.4 m) thick (with infrequent polished pebbles) lying between two coarse, buff sandstones, the lower one of which is
conglomeratic. The latter is identified as Unit VI, the overlying "gastrolithic" claystone as Unit VII, and the uppermost sandstone is correlated with Unit VIII. At the
base of the lower sandstone are 12 to 15 feet (3.6 to 4.5 m) of dark-gray, chert pebble
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conglomeratic sandstones. I interpret these as distinct from the overlying sandstone
chiefly on the basis of identical facies separated from the overlying sandstone by 12
feet (3.6 m) of shale in outcrops less than a mile (1.6 km) to the east across the Bighorn River (see Section 6 of Fig. 4 ) , and correlate them with Unit IV.
A section measured approximately 7 miles (11.2 km) west of Thermopolis at
Rattlesnake Gulch and another 12 miles (19.2 km) northwest of Thermopolis at the
west end of Thermopolis Anticline appear to corroborate the erosion surface interpretation presented above. In both sections, and in nearly all outcrops west of Thermopolis, polished pebbles and chalcedony concretions are common in the nearly 100 feet (30
m) of brightly colored, variegated claystone beneath the "rusty series", but the former
are restricted to the upper 50 to 60 feet (15 to 18 m ) , the latter to the lower 20 or 35
feet (6 to 10.5 m ) . No intervening sandstone (Unit V I ) is present at either of these
two sites (Sections 3 and 4 of Fig. 4 ) , or at most other exposures west of Thermopolis.
T h e presence of Unit V here seems to be correlated with the absence of Unit VI—just
the reverse relationship that is preserved immediately north of Thermopolis only a
dozen miles (18 km) or less to the east.
All exposures in the Thermopolis area feature a prominent, although not always
resistant, light gray-green or buff to brilliant white sandstone ranging up to 150 feet
(45 m) in thickness in the lower part of the nonmarine sequence. A similar facies outcrops at several sites in the Hyattville-Tensleep, Cloverly-Shell Greek and Cody areas.
Unit I I of our classification was established on the distinctive character of this lower
sandstone in the Thermopolis area.
For a summary of previous stratigraphic interpretations in the Thermopolis area
compared with designations used in this report, see Chart 3.
Only one minor fossil vertebrate site (YPM 66-2) was discovered in the Thermopolis area, possibly because exposures in the region are not as clean or as extensive as those to the north. Locality 66-2 lies approximately 5 feet (1.5 m ) above a
resistant sandstone lens in a reddish, variegated claystone (Unit V I I ) 52 feet (15.8 m)
below the lowest sandstone strata of Unit V I I I . T h e locality is 9 miles (14.4 km)
northwest of Thermopolis on the north limb of the Thermopolis Anticline, about 200
yards (180 m) east of the point where Coal Draw cuts through the Cloverly hogback
(Locality M a p A ) .
CODY AREA. T h e Cody area encompasses all of the Morrison-Cloverly outcrops along
the western margin of the Bighorn Basin from south and west of Cody northward to
Clark Fork of the Yellowstone River. Exposures comparable to those along the eastern side of the Basin do not occur in this area, except in the Shoshone River Canyon
and along the east limb of Horse Center Anticline south of Cody.
Fisher (1906) was the first to consider the Mesozoic section along the western
margin of the Bighorn Basin. In a very brief account of exposures south of Cody (p.
27) he noted a 50 foot (15 m) thick, basal, coarse-grained, pebbly sandstone overlain
by softer, gray sandstone of undetermined thickness, in turn overlain by highly colored
clay, succeeded by the "top [Cloverly] sandstone member" and a rust-colored sandstone. T h e entire sequence was referred by him to the Cloverly Formation (Chart 4 ) .
This description corresponds to exposures approximately one mile (1.6 km) south of
Cody (Plate 7:A) that were prospected and measured by the author (Section 1 of
Fig. 4 ) . In my opinion, Fisher's "basal Cloverly sandstone" does not correspond with
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the basal sandstone in the type Cloverly area. Lithologically it is more similar to the
lowest thick sandstone (Unit I I ) in the southern part of the Bighorn Basin, but more
important, chalcedony concretions are extremely abundant in the overlying 230 feet
(70 m ) of variegated claystone, whereas they are completely lacking below. Thus, his
pebbly "basal" sandstone may represent either Unit I V or I I , but not Unit V I . Overlying this chalcedony-rich claystone is an 8 foot (2.4 m) thick, tan to light-brown,
nonconglomeratic sandstone that may or may not represent Unit V I . This is overlain
by 80 or more feet (24 m) of brightly colored, variegated claystone containing frequent polished pebbles but no chalcedony concretions. I believe this corresponds to
the middle claystone member of Darton's Cloverly and have accordingly labeled it
Unit V I I . The Gloverly Formation (sensu Darton) on the west side of the Bighorn
Basin appears to have thicknesses comparable to those on the east side, 50 to 100 feet
(15 to 30 m) thick (Sections 1 and 2 of Fig. 4) rather than 300 feet (91 m ) or more as
listed by Fisher and others.
Fisher did not give a specific section for the Morrison Formation in this area, simply remarking that it consisted of about 150 feet (45 m) of alternating gray, finegrained sandstone and dark-gray sandy "shale". This approximates the lower part of
the nonmarine section as it is exposed in Horse Center Anticline, which I have designated Unit I in this report.
Hewett (1914) interpreted the Morrison-Cloverly section along the Shoshone River
at Cody quite differently, restricting the Cloverly to the predominantly sandstone portion of the "rusty series" and expanding the Morrison to include all the underlying
nonmarine sediments. Unit V I I I of the present classification corresponds to the lower
sandstone part of Hewett's Cloverly Formation, all other Units (I to V I I ) representing facies of his Morrison Formation (Chart 4 ) . In discussing this section, Hewett
comments (p. 9 4 ) : "As no fossils other than saurian bones from the middle portion have
been found in either this formation [Morrison] or the overlying 'Cloverly,' the upper
limit is taken to be the base of the sandstone overlying the uppermost maroon clay."
H e further noted the absence of a basal conglomerate corresponding to that described by Darton as marking the upper limit of the Morrison Formation. However,
Fisher (1906), Lee (1927) and I observed a pebbly sandstone situated approximately
300 feet (91 m) below the lowermost massive sandstone of the "rusty beds". As noted
above, I have interpreted this as Unit I I and not corresponding to the basal Cloverly
sandstone of Darton. This interpretation cannot be verified by walking out exposures,
but it appears to be substantiated by the abundant presence of chalcedony concretions
in the overlying 230 feet (70 m) of variegated claystone.
Lee (1927: p. 6 4 - 6 5 ) , challenged Hewett's interpretation and limited the Morrison Formation to the lower 240 feet (73 m) of nonmarine beds, correlating a 25
foot (7.6 m) thick, massive and locally conglomeratic sandstone at this level with the
basal sandstone of Darton's Cloverly. According to Lee, this is overlain by 260 to 315
feet (79 to 96 m) of variegated, brightly colored claystones containing dinosaur bones,
petrified wood and polished "gastroliths". Lee's section was measured approximately
one mile (1.6 km) south of the site of our measured Section 1. Here his basal sandstone is much thinner than at our Section 1, but it can be traced to Unit I I of Section
1. Thus Lee's subdivision of the nonmarine sequence is identical with that of Fisher,
with the Cloverly Formation consisting of Units I I , V, V I ? , V I I and V I I I and the
Morrison being limited to Unit I (Chart 4 ) .
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Johnson (1934: p . 820) concluded that no reliable criterion exists for differentiating the Morrison and Cloverly Formation, noting that the combined formations may
be described in three subunits: 110 feet (31.5 m) of buff, thin-bedded to massive
sandstone (Unit V I I I plus the "rusty series"), 440 feet (134 m) of varicolored clay
with many sandstone lenses (Units V I I , V I ? , V and I I ) , and 180 feet (55 m) of green
sandy shale (Unit I ) . This condensed description apparently was based on the sections exposed in the Shoshone River Canyon at Cody.
Pierce and Andrews (1940: p. 117), in describing the geology south of Cody,
"follow the usage of Hewett and place in the Morrison formation the lenticular conglomerate or grit beds and overlying purple and lilac colored shales that have previously been included [by Fisher and Lee] in the lower part of the Cloverly." Of
the two "Cloverly" sections presented by them, however, one clearly does not conform to this decision. In Sec. 19, T.52 N., R.101 W. they recorded 118 feet (36 m)
of gray, buff and brown sandstone and shale, ripple-marked and iron-stained, which
they labeled as Cloverly Formation. This actually is the "rusty series" of other workers,
including an equivalent of the Greybull sandstone at the base (Unit V I I I ) . A second
section recorded in Sec. 23, T.52 N., R.102 W., less than 3 miles (4.8 km) away on
the opposite (west) limb of Horse Center Anticline, lists 192 feet (58.5 m) of Cloverly, which includes more than 60 feet (18 m) of red and gray "shale" underlain by
cross-bedded sandstone and conglomerate. From personal observations in this vicinity,
I have concluded that the lowest sandstone recorded in the first section equals Unit
V I I I and that of the second section corresponds to Unit V I (with the red and gray
"shale" representing Unit V I I ) . T h e top 85 feet (26 m) of the latter section corresponds to Unit V I I I plus 70 feet ( 2 1 m ) or more of overlying "rusty series".
Reporting on the Morrison Formation in the vicinity of their second Cloverly section, Pierce and Andrews included 388 feet (114 m) in the Morrison, the upper 70
feet (21 m) of which they describe as variegated "shale" with nodular, siliceous
limestone concretions, underlain by 24 feet (7.3 m) of conglomeratic sands. These
two fades (and the underlying 68 feet [20.7 m] of claystone) are placed in Unit V.
Beneath these they noted an 85 foot (26 m) sandstone and 141 feet (43 m) of "shale"
and shaly sandstones that correspond to Units I I and I of our measured Section 1.
Thus, in their section on the west limb of Horse Center Anticline, Pierce and Andrews
separated Morrison from Cloverly at the top of a chalcedony-concretion-bearing claystone (Unit V ) and below a conglomeratic sandstone (probably Unit V I ) , but on the
east limb they placed the boundary at the top of the nonmarine section (between
Units V I I and V I I I ) (Chart 4 ) . Pierce and Andrews noted (p. 115) the abundance
of both chalcedony concretions and "gastroliths" in the upper part of the Morrison
(their inconsistent application of the terms Morrison and Cloverly destroys any meaning this might h a v e ) , but they did not say whether these occur together or not. O u r
own observations in these locales established that the former occur below the "gastroliths" and at many places a cross-bedded, sometimes pebbly sandstone occurs between the two zones, as has been observed at many other localities in the Bighorn Basin
area. Pierce and Andrews' sections are duplicated in Chart 4, together with those of
Fisher, Lee, Hewett and Johnson and are compared with the classification used in this
report.
Although fragmentary fossil bone was encountered at several levels, chiefly within
Unit V, no significant fossil vertebrate localities were discovered in the Cody area.
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CROOKED CREEK-GYPSUM CREEK-WARREN AREA. This region, which includes that

part of Big Horn County, Wyoming, that lies north of the Shoshone River and adjacent areas of southernmost Carbon County, Montana, proved to be one of the most
productive regions discovered during the course of this investigation. Large collections of fossil vertebrates were made from a series of sites along the northwest-southeast-trending Cloverly hogback, particularly in T.58 N., R.95 W. (Locality M a p H )
approximately 8 miles (12.8 km) north of the Shoshone River and 10 miles (16.0 km)
northeast of Lovell, Wyoming.
T h e first stratigraphic report to consider the Mesozoic section of this area in any
detail is that of Washburne (1909). O n page 168 of that report, Washburne described
the Cloverly section at Gypsum Creek as follows:
At the base of the Cloverly formation in its typical development on Gypsum
Creek, north of Lovell, Wyoming, there is 40 to 50 feet of massive sandstone,
locally containing shale partings and a thin coal bed. . . . Overlying this sandstone are 100 to 150 feet of bright variegated clays and soft sandstones, with concretions of limestone and chert. T h e top member of the formation is a massive
gray sandstone about 70 feet thick overlain by 15 feet of dark purplish shale.
Fisher (1908: p . 8 5 ) , attempting to correlate this same Gypsum Creek section and
one near Thermopolis with the much thicker and quite different section of the Kootenai Formation near Great Falls, Montana, similarly recorded the basal sand of the
Cloverly Formation at approximately 50 feet (15 m ) thick, overlain by 40 feet (12 m)
of chert pebble sandstone, which in turn was overlain by 132 feet (40 m) predominantly "shale", the upper part of which contained limestone and chert (chalcedony?)
concretions. Overlying this he noted a 70 foot (21.3 m) thick chert pebble sandstone
succeeded by 15 feet (4.5 m) of dark-purple "shale". T h e similarity between Washburne's and Fisher's section is obvious, the most conspicuous difference being the absence of a chert pebble sandstone immediately above the "basal sandstone", as described by Fisher. T h e local absence of conglomeratic fades associated with this
sandstone in the Gypsum Creek area was substantiated by our observations (Section
21 of Fig. 4 and Appendix A at the end of this report). T h e above Gypsum Creek
sections have been located approximately and measured by the author, the sequence
having been traced to this locality from the type Cloverly area. T h e "basal Cloverly
sandstone" of Washburne and Fisher (with the overlying conglomerate [ = Pryor
Conglomerate]) corresponds to Unit IV, the overlying 100 to 150 feet (30 to 45 m)
of concretionary clays and sands to Unit V, the 70 foot (21 m) gray chert pebble sandstone to Unit V I and the 15 foot (4.5 m) thick, purple "shale" to Unit V I I (Chart 5 ) .
It should be pointed out that this Gypsum Creek section is not typical for the area.
A more typical section may be found in the hogbacks between the Crooked Creek and
Dryhead roads. Here the lower pebbly sandstone (Unit I V ) ranges from 10 to 30 feet
(3.0 to 9.1 m) in thickness, with 25 feet (7.6 m) being an approximate average. T h e
overlying low-slope-forming, chalcedony-rich claystone (Unit V) totals approximately
130 feet (39.6 m ) , and the sometimes pebbly sandstone (Unit V I ) above averages about
20 feet (6.1 m) (Section 20 of Fig. 4 ) . T h e cliff-forming, brightly colored, purplish
claystone (Unit V I I ) ranges from 15 to 70 feet (4.5 to 21.3 m ) . Similar values were
obtained to the south and northwest. Both Fisher and Washburne adopted a
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Morrison-Cloverly boundary in this area well below that designated by Darton (1906:
p. 52), placing it between Units I I I and I V rather than between Units V and V I (Chart
5 ) . Again, the chalcedony-rich claystone unit provides the most reliable traceable evidence permitting correlation between the type Gloverly area and the Crooked Greek
exposures.
Ziegler's (1917) report on the Byron oil and gas field, although dealing with subsurface stratigraphy at a point some 14 miles (22.4 km) southwest of the Crooked
Creek exposures, requires mention here because it adopts a usage quite different from
that of Fisher and Washburne. Ziegler, following Hewett's (1914) lead in the Cody
area, saw no good reason for dividing the variegated claystone sequence and placed
the base of the Cloverly Formation at the base of the massive sandstone overlying the
highest variegated clays (Hintze's Greybull sandstone or Unit V I I I of this report).
He argued (p. 187) that "since climatic and physical conditions have apparently been
constant during the entire time of deposition of these clays . . .", it is more logical to
include all variegated clays in the Morrison Formation. There is considerable merit
in Ziegler's conclusion, but not for the reasons quoted, which are purely hypothetical.
In fact, Moberly (1960) has shown that environmental changes did occur between
accumulation of the Morrison (Units I to I I I ) and the Cloverly (Units I V to V I I )
Formations.
Lee (1927: PL 2 and p. 63) presented a very brief description of the MorrisonCloverly section 4 miles (6.4 km) north of Kane, Wyoming (probably at the prominent plunging hogback southeast of Sykes Mountain, about 7 miles [11.2 km] southeast of the Crooked Creek quarry sites). Lee recorded 290 feet (64 m) of Morrison
(without description), 50 feet (15 m) of coarse-grained, massive, cross-bedded, basal
Cloverly sandstone (which I have identified as Unit I V ) , approximately 150 feet
(45 m) of red, sandy "shale" constituting the middle Cloverly member (Units V, V I
and V I I ) , and 75 feet (22.5 m) of upper Cloverly or Greybull sandstone (Unit V I I I ) .
T h e most recent study in this area is that of Moberly (1960), referred to earlier.
Moberly's redefined Cloverly Formation includes the Little Sheep Mudstone Member,
based on excellent exposures 4 miles (6.4 km) south of Kane (p. 1145), and the
Himes Member based on exposures along the west limb of Little Sheep Anticline between Himes and Lovell, Wyoming (p. 1148). Moberly also proposed the overlying
"rusty beds" (including the Greybull sandstone of Hintze and others) as the Sykes
Mountain Formation, based on exposures between Gypsum and Crooked Creeks (NE
Yi Sec. 25, T.58 N., R.96 W . ) . Detailed stratigraphic sections of these units are presented here (Sections 18, 19, 20 and 21 of Fig. 4 ) . During the course of tracing this
sequence from the type Cloverly area, we established that Moberly's Little Sheep
Mudstone Member equals Unit V, the Himes Member equals Units V I and V I I and
the lower sandstones of his Sykes Mountain Formation (at least in part) equal Unit
V I I I . T h e coarse chert pebble sandstone or conglomerate cited by Moberly at the
base of his Little Sheep Member of the Cloverly and identified by him as the Pryor
Conglomerate is here equated with our Unit IV.
For a summary of previous terminology applications at specific localities, see Chart
5, and the comparison on pages 12-13.
During the 1962 and 1963 field seasons a total of 33 fossil vertebrate sites were discovered in this area, principally along the east slope of the Cloverly hogback immediately east of Crooked Creek (Plate 4 ) . In addition, the site of A. Silberling's 1949
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collection for Princeton University (Locality P U 49-1) was located through the help
of Mr. Lloyd Tillett. Extensive collections were made from ten of these sites (Locality
M a p H ) . Localities Y P M 62-14, 63-22, and P U 49-1 lie within the upper 40 feet
(12 m ) of Unit V, 20, 2 and 35 to 40 feet (6.0, 0.6, and 10.5 to 12 m) respectively,
below the base of Unit V I . Localities Y P M 63-16 and 63-32 are situated just below
the top of Unit V I (1 to 3 feet [0.3 to .09 m ] ) . All other sites lie within the lower 10
feet (3.0 m ) of Unit V I I .
BRIDGER-WESTERN PRYOR MOUNTAIN AREA. Included here is the eastern part of

Carbon County, Montana, situated between the eastern county boundary and the valley of Clark Fork of the Yellowstone River. T h e Morrison-Cloverly outcrop belt extends from northeast of Warren, along the west flank of the Pryor Mountains to Bluewater Creek and then eastward to the north slope of West Pryor Mountain. Within
the area 41 sites were discovered that produced large collections of fossil vertebrates
(Locality Maps I, J, K, L, M, N and O and the Locality Register at the end of this
report).
In 1917, C. J. Hares made an informal report to the Geological Society of Washington, D.C. on "Gastroliths in the Cloverly formation". Although not intended as a
stratigraphic presentation, the publication of his remarks constituted the first published reference to the Pryor conglomerate. H e stated (1917: p. 429) : "These gastroliths occur in the shale portion of the Cloverly between the Pryor conglomerate
member at the base and the greybull sandstone member." Although black chert pebbles occur locally and infrequently in the sandstone here labeled Unit V I , and despite
the presence of conglomeratic sandstones at various levels, the Pryor Conglomerate is
sufficiently distinct that there is little disagreement over its identity. O n the other
hand, there is considerable difference of opinion as to whether the Pryor Conglomerate is, or should be, considered part of the Cloverly Formation or of the Morrison.
This first arises in Hares' comments quoted above, wherein he identifies the Pryor
Conglomerate as the basal member of the Cloverly. H e did not, nor has anyone else to
date, establish the equivalency of the Pryor Conglomerate and Darton's basal conglomeratic sandstone. Nor did he suggest a redefinition of the Cloverly Formation.
Hares assumed, and others have followed the same assumption, that these were one
and the same unit. Consequently, the Pryor Conglomerate is often cited as the basal
member of the Cloverly Formation. T h e most recent instance is the report by Moberly
(1960), but Moberly clearly states that he is redefining the Cloverly Formation to include the black chert pebble conglomerate commonly identified as the Pryor Conglomerate. Unfortunately, Moberly never explicitly states that the Pryor Conglomerate
and Darton's basal Cloverly sandstone are the same or different units, although he
indicated the latter in his representation of Darton's stratigraphic section at the type
Cloverly area (Fig. 2 ) . However, other sections of Darton's (those south of Tensleep, at
Hyattville, west of Tensleep, at Sheldon's ranch and west of Shell) reproduced in this
same figure indicate that Darton selected a basal sandstone at the level of the Pryor
Conglomerate in four of his sections—the exceptions being the type Cloverly section and
the one at Sheldon's ranch (Shell Creek D o m e ) . However, this is only Moberly's interpretation of how Darton subdivided the sections at these localities. Personal examination
of the outcrops in question has led me to conclude that Moberly erred in his interpretation of Darton's sections at two of the sites. T h e basal Cloverly sandstone selected by
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Darton south of Tensleep and west of Tensleep, as well as at Shell Creek Dome and at
the type section, is definitely the upper sandstone (Unit V I ) that overlies the chalcedony
concretion-bearing claystone. Only at the exposures west of Shell and immediately
south of Hyattville did Darton refer to a lower sandstone (perhaps at the level of the
Pryor Conglomerate) as the basal Cloverly sandstone. At both of these latter sites, the
strata described by Darton underlie the chalcedony-rich claystone (Unit V ) , and the
upper sandstone (Unit V I ) is absent or very thin. See Charts 1 and 2 for a comparison
of Darton's sections with the classification used here.
Bauer and Robinson (1923) in their "Comparative stratigraphy in M o n t a n a "
adopted Darton's Cloverly section and his correlations with the Dakota, Fuson and
Lakota Formations of the Black Hills region. They further stated that (p. 172) : "the
shale member below the upper sandstone ['rusty series', Greybull sandstone, or Unit V I I I
of this report] in the Crow Reservation is the equivalent of the upper Kootenai of
northern Montana and the thick conglomeratic sandstone below it is the equivalent
of the thick sandstone of the Kootenai of the central and northern part of the state.
. . ." They listed a thickness of 313 feet (95 m) for the variegated "shale" between
the upper and lower sandstones of their "Cloverly" on the west side of the Pryor
Mountains (no precise location is given), and note the "basal sandstone" is conglomeratic around the north end of the Bighorn Mountains where its thickness ranges from
58 to 130 feet (17.7 to 39.6 m ) . Their Cloverly Formation thus totals 371 to 443 feet
(112.8 to 135 m ) . Discussing the Morrison Formation (p. 173-174), they gave a
thickness of 294 feet (89.7 m) in the "Pryor-Beartooth Mountain" area. No comment
was made as to whether these Cloverly-Morrison thicknesses were measured anywhere
near each other, and the supposition here is that they were not. The maximum thickness obtained by us for the entire nonmarine sequence in this area is 512 feet (156 m)
at Bluewater Creek (Section 24 of Fig. 4 ) , or more than 150 feet (45 m) less than the
minimum total thickness cited by Bauer and Robinson.
It is unfortunate that no precise location was given by Bauer and Robinson for
their data, because without this information precise correlation with our observations
cannot be made. However, throughout this area there is only one persistent and distinctive black chert pebble conglomerate within the nonmarine sequence. Accordingly,
this must represent their basal Cloverly fades. It equals Unit I V of our classification
and has been traced between this area and more southerly exposures where it clearly
is not Darton's basal Cloverly member. Overlying this conglomerate (the Pryor Conglomerate) we found variegated gray, purple and bluish claystone, rich in bentonite
and chalcedony concretions, ranging from 60 to 112 feet (18 to 34 m) thick, that is
traceable to the nearly identical Unit V in the type Cloverly area. Above this claystone we found a variable, soft, yellow to brown sandstone, sometimes containing
occasional black or gray chert pebbles, ranging from 3 to nearly 60 feet (0.9 to 18 m )
in thickness. I believe this corresponds to Darton's basal Cloverly sandstone and accordingly have labeled it Unit V I . Overlying this is 20 to 90 feet (6 to 27 m) of
brightly colored, variegated, polished pebble-bearing claystone (Unit V I I ) capped by
a variable thickness of tan to rusty-brown, thinly or massively bedded sandstone
(Unit V I I I ) . Thus Bauer and Robinson's Cloverly Formation appears to correspond
to Units I V through V I I I of our classification (Chart 6 ) .
One of the early attempts to correlate the Morrison-Cloverly section of the Pryor
Mountain region with sections outside the Bighorn Basin is that of W. T . Lee (1927).
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Lee compared 13 sections scattered between Thermopolis and Pryor with other sections at Lewistown and near the Big Snowy Mountains of central Montana and a
section at Bellvue, Colorado. Included is a section at Red Dome (p. 65) near Bridger,
Montana, based on data supplied by R. S. Knappen. This latter section agrees with
one of our measured sections (22 of Fig. 4) and with the general description of the
Cloverly Formation given by Bauer and Robinson (1923) and Knappen and Moulton
(1930). Again, it is my opinion, based on extensive examination of the exposures in
the Red Dome and adjacent areas, that the basal conglomerate of Lee's Bridger section is the same as that of Bauer and Robinson and corresponds to Unit I V of the
present study and therefore does not correspond to the basal sandstone (Unit V I )
described by Darton (1906). Thus Lee's Cloverly Formation in this area includes our
Units IV, V, V I , V I I and V I I I .
Knappen and Moulton (1930) noted a 589 foot (180 m) thickness for the nonmarine sequence in Carbon County, but they did not include a measured section (a
slightly thinner measured section is included from near Pryor 20 miles (32 km) to the
northeast). Knappen and Moulton divided this nonmarine section at the base of a
black chert pebble conglomerate (not identified by them as the Pryor Conglomerate)
that almost certainly is the same one selected by Bauer and Robinson and by Lee, and
labeled here as Unit IV. Their overlying Cloverly clay member (90 to 240 feet [27.5
to 73 m]) includes our units V, VI? and V I I and their Greybull sandstone member
corresponds to Unit V I I I (see Chart 6 ) .
Of particular interest is the following comment by Knappen and Moulton (1930:
p. 25) : "A very lenticular, coarse, soft brown sandstone is present at many places
about 30 feet below the top of the bright colored, variegated clay. This sandstone
ranges from a feather edge to 60 feet in distances of 1000 feet." T h e authors do not
record whether the sandstone contains black chert pebbles, but personal observations have established that a sandstone matching their description commonly present
at about this level is pebbly locally and does contain infrequent dark chert pebbles.
T h e unit is discontinuous, but it always lies between the chalcedony-rich claystone
and the overlying polished pebble-bearing claystone. It is my conclusion that this sandstone probably represents Unit V I and thus is equivalent to the basal sand of Darton's
type Cloverly. In the absence of detailed measured sections by Knappen and Moulton
these correlations cannot be confirmed, but the following observations by them do
seem to support my interpretation. They describe (1930: p. 24-25) the lithologies
above their conglomeratic basal member of the Cloverly as "bright red, green, purple,
yellow and dull black clays. . . . Much of the clay swells like bentonite when wet and
forms gumbo mud which is porous and collapses under pressure after drying." They
further note the amazing abundance of polished, well-rounded stones which "some
geologists hold are gastroliths". Unfortunately, they do not present any details on the
stratigraphic distribution of these polished stones within the 90 to 240 feet (27.5 to
75 m) of clays above their basal conglomerate, or on the distribution of the collapsible
gumbo muds. Our analysis at the same locale found the so-called gastroliths restricted
(in situ) to the upper cliff-forming claystones (which here are reddish to purplish)
and the collapsible gumbo clays (which usually are drab gray and pale green) limited
to the lower part of the section and always below the soft, brown sandstone described
above. These characteristics are consistent with those observed in more southerly outcrops within the study area and seem to confirm the persistence and distinctiveness of
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Units V and V I I . Knappen and Moulton's basal Cloverly member thus would seem to
correspond to our Unit IV. Like that of their predecessors, their Cloverly Formation
clearly appears to be an expansion of that formation over Darton's 1906 definition.
Wilson (1936: p. 1167) recorded a composite section between Bowler (now an
abandoned town near the southwest boundary corner between Yellowstone and Carbon Counties) and Dry Creek (South Fork of Bridger Creek?) in which the "Cloverly" claystone is 150 feet (45 m) thick and the brown and yellow, black chert
pebble-bearing sandstone beneath is 50 feet (15 m) in thickness. Wilson lists the total
nonmarine section here (excluding the sandstones of the "rusty series") at about 400
feet (122 m) thick. These values are very close to values we obtained at Red Dome
(Section 22 of Fig. 4) and indicate that Wilson subdivided the Morrison and Cloverly
Formations at the same horizon as his predecessors (the base of Unit I V ) , but Wilson's data are not sufficiently detailed to permit accurate comparison with earlier
works or with our data.
Lammers (1939) discussed the origin and correlation of the "Cloverly conglomerate", but in the absence of detailed measured sections and the exact stratigraphic level
of his "Cloverly conglomerate" at any particular locality, it is impossible to ascertain
which of the coarse clastic units in this region he was referring to, or to make meaningful comparison with the sections recorded here. On the basis of his description, it
is most probable that his "Cloverly conglomerate" is synonymous with Pryor Conglomerate (sensu Hares), in which case Lammers' Cloverly Group includes our Units
I V through V I I I . Lammers (p. 131-132) correlated the "Cloverly conglomerate" of
this area with the coarse-grained sandstone overlying the Kootenai coal beds in central Montana and with the basal conglomerate of the Blairmore Formation in Alberta.
Gardner et al. (1945: p. 79-80) published a measured section on Five Mile Creek
(NE J4 Sec. 35 and SW }4 Sec. 36, T.5 S., R.24 E. and N y2 Sec. 1, T.6 S., R.24 E.)
about 5 miles (8 km) east of our measured Section 24 and in the vicinity of Locality
Y P M 64-65. Their section has been duplicated in Chart 6. From our observations in
the immediate area, rocks that they assigned to the Kootenai Formation include Units
IV, V and V I . They omit any mention of the upper variegated claystone (Unit V I I )
although it is prominently exposed locally in the area. Their basal conglomeratic
sandstone is the Pryor Conglomerate of other authors (Unit I V ) .
The Morrison Formation as recognized by Gardner et al. includes our Units I I I
and possibly I, totaling 125 feet (38 m) of sandstones and claystones. A 10 foot (3 m)
resistant sandstone near the middle of their Morrison section may represent Unit I I
of more southerly exposures, but this cannot be verified. Lateral variations in thickness and changes in grain size indicate it probably represents a local channel deposit.
Moberly (1960) provides no measured sections in the area under consideration
here, but in a geologic m a p of the Red Dome area (Moberly, Fig. 7) he recognized
the same subunits that he proposed for the nonmarine sequence exposed in Bighorn
County, Wyoming. Presumably, his subunits in the Red Dome area can therefore be
equated with our classification exactly as is listed on pages 12-13 of this report.
T h e stratigraphic interpretations of most of these workers, compared with terminology used here, is summarized in Chart 6.
A total of 41 fossil sites was discovered in the Bridger-Pryor Mountain area during the 1964 field season. Each site was explored and evaluated, and extensive quarrying and collecting were carried out at 16 of the sites. T h e sites are pinpointed on
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Locality Maps I through O. T h e fossil-bearing horizon at each locality (with the exception of Y P M 64-54) lies in or above Unit V I ; the precise level of each is recorded
in the Locality Register (Appendix B) at the end of this report.
PRYOR-BEAUVAIS CREEK AREA. This area includes the northwestern part of Big Horn
County and the southernmost part of Yellowstone County, Montana, and lies entirely
within that part of the Crow Indian Reservation west of the Bighorn River. T h e
region is characterized by broad, nearly flat-topped plateaus or "benches" bounded by
100 to 300 foot (30 to 90 m) high scarps, low to moderately high cuestas and broad
stream valleys. T h e underlying strata are nearly horizontal in much of the area with
dips increasing to 15 or 25° approaching the Bighorn and Pryor uplifts. Exposures of
the Morrison-Cloverly sequence occur in erosional scarps bounding the plateaus and
on the back slopes of cuestas. T h e outcrop belt follows the southern limit of the high
plateaus north of the town of Pryor and along the valley of Pryor Creek in the western
sector, then roughly parallels the course of Beauvais Creek eastward to its junction
with Horse Coulee, from which point it swings southeastward toward Grapevine
Creek and the Yellowtail Dam site on the Bighorn River (Fig. 2 ) .
T h e earliest reference to the Morrison-Cloverly section in the region is that of
Bauer and Robinson (1923). They presented (p. 172) a thickness of 105 to 151 feet
(32 to 45 m) for the variegated "shale" between the upper and lower sandstones of
their "Cloverly" on the east side of the Pryor Mountains (presumably somewhere in
the vicinity of Beauvais Creek) and the conglomeratic sandstone at its base as 58 to
130 feet (17.7 to 39.6 m) at the north end of the Bighorn Mountains. No precise
locality was given, however, and we failed to find any exposures in which the conglomeratic sandstone exceeded (or even approached) their minimum value. Bauer
and Robinson correlated the "shale" member (Units V to V I I ? ) below the upper
sandstone with the Upper Kootenai of northern Montana and the thick conglomeratic
sandstone (Unit IV?) beneath with the prominent, thick sandstone of the Kootenai
in central and northern Montana. T h e Morrison Formation, according to these authors, varies from 100 to 150 feet (30 to 45 m) in thickness and consists chiefly of hard,
greenish-gray "shale" with some pink and purple "shales", and gray-green, white and
yellow sandstones. Because no measured sections or precise localities are given, it was
impossible for us to make any meaningful comparisons with our data. However, their
thicknesses cited above for the Cloverly and Morrison Formations are thicker and
thinner, respectively, than those which we recorded in this area. I believe that the section assigned by Bauer and Robinson to the Cloverly Formation includes Units I V
through V I I (they gave no thickness for the upper sandstone—the equivalent of our
Unit V I I I — b u t they apparently considered this as the upper member of their Cloverly Formation), and the 100 to 150 feet (30 to 45 m) assigned by them to the
Morrison Formation includes only Units I through I I I .
W. T. Lee (1927) published a geologic section (PI. 2 ) , measured by W. T. Thom,
Jr., at exposures near Pryor, Montana, which consisted of 20 feet (6 m) of basal conglomerate, 106 feet (36 m) of colored "shales" and 20 feet (6 m) of sandstone at the
top, the entire sequence being assigned to the Cloverly Formation. This approximates
the section observed by us in the vicinity of Pryor, and it appears that these three elements are the same as those that we have labeled V I , V I I and V I I I . However, in view
of the nature of the exposures at this locale, I suspect that Lee selected the most con-
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spicuous conglomerate as his basal conglomerate. A massive and thick conglomerate
is prominently exposed west and south of Pryor and, although exposures do not permit determination of its position relative to the chalcedony-concretion-bearing claystone, it is my opinion that this is the Pryor Conglomerate, and I have correlated it
with Unit IV (see Section 25 of Fig. 4). Hence, it is quite possible that Lee's Cloverly in
this vicinity includes Units IV through VIII.
The most extensive study of the geology in the Crow Indian Reservation is that of
Thom et al. (1935). They note several measured sections of the Morrison-Cloverly
complex. One of these (p. 45), located in SW *4 Sec. 13, T.5 S., R.25 E. approximately 4 miles (6.4 km) southwest of Pryor, identified a Cloverly section that is identical with that reported by Lee and agrees with our Units VI, VII and VIII as recorded west of Pryor (see Section 25 of Fig. 4). As noted above, however, their basal
unit may correspond to our Unit IV. A second section (p. 45) (located in Sec. 22,
T.9 S., R.34 E., south of the Little Bighorn River on the east side of the Bighorn
Mountains) is far removed from the area considered here and was not checked during the present investigation. At that site, they list 185 feet (56.5 m) of Cloverly, the
upper sandstone totaling 12 feet (3.6 m) and the basal sandstone 24 feet (7.2 m).
This section may include Units IV and V as well as one or more of the overlying units
for they note the "great numbers of concretions formed of chalcedony and calcite"
occuring in a soft, light gray "shale" 64 feet (19.5 m) above the "lower sandstone"
and that "gastroliths are also found at this horizon". Except for surface associations,
the latter is contrary to our findings elsewhere. As I have noted before, in the process
of quarrying at more than 50 sites in Units VI and VIII, polished pebbles were frequently encountered, but not a single chalcedony, calcite or barite concretion was found.
In contrast, such concretions are abundant almost everywhere in Unit V. MacClintock
(1957: p. 27 and 36) recorded a similar, non-overlapping distribution of polished
pebbles and chalcedony nodules at several localities along the eastern flank of the Bighorn Mountains between Mayoworth and Arminto. The description given by Thom
et al. of the above section (pink, red, and purple shale above the chalcedony level and
gray shales below) suggests that Unit VI may be absent or very thin at their section
site and that what they refer to as the basal sandstone may actually correspond to Unit
IV of this report or to some other coarse clastic unit.
In addition to these sections, a number of well logs are cited by Thom et al. from
Pryor-Beauvais Creek area. It is apparent that subsurface placement of formation
boundaries in at least some instances is not consistent with the usual placement of the
same boundaries in nearby surface exposures. One of their logs is cited here because
it happens to have a critical location in the Beauvais Creek Valley in the immediate
vicinity of a number of our fossil vertebrate localities where large collections and detailed stratigraphic sections were obtained (see Locality Map U and Sections 27 and
28 of Fig. 4). The well ("56" Petroleum Corporation's Well 1, Beauvais Creek Uplift) raises a problem that we could not resolve: that is, either the location given (SW
J4, NE 54 Sec. 28, T.4 S., R.29 E.) is in error or the log has been grossly misinterpreted. According to the log, the top strata penetrated by this well are identified as
Cloverly (Thom et al., 1935: p. 110), but the location given places the well in the
valley bottom between Beauvais and Buster Creeks some 150 to 200 feet (45 m to 60
m) below the "upper sandstone" of the nonmarine sequence that crops out as the
capping rim-rock on both sides of the valley. The valley width at this point is between
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5,000 and 7,000 feet (1,525 and 2,135 m) and there is no evidence of downwarping
or faulting in the immediate area. T h e exposures on both sides of the valley include
Units V I , V I I and V I I I and locally the upper part of V. Unit V I I I ranges from 20 to
50 feet (6 to 15 m) thick, Unit V I I from 31 to 80 feet (9.5 to 24.4 m) and Unit V I
from 0 to 15 feet (0 to 6 m ) (Sections 27 and 28 of Fig. 4 ) . This gives a total maxim u m thickness of 135 feet (31 m) for the section that I consider to correspond to
Darton's Cloverly Formation. T h e base of Unit V I on both sides of the valley is well
above the level of the given well site, yet the log (reproduced below) identifies 228
feet (70 m) of Cloverly in subsurface, overlying 134 feet (40 m) of Morrison. If the
well is situated in the Beauvais Creek Valley where indicated (we were not able to
locate such a well), some 150 or 200 feet (45 to 60 m) below the top of the nonmarine section, then the Cloverly Formation (as identified in this log) at this point
has a thickness close to or exceeding 400 feet (120 m) and the total nonmarine section
has a thickness of 514 to 564 feet (160 to 180 m ) . The maximum thickness found by
us in exposures in the Beauvais Creek area was 209 feet (63 m ) for the entire nonmarine section (Section 27 of Fig. 4) approximately 2 miles (3.2 km) southwest of
the listed well site (Sec. 5, T.5 S., R.29 E.) (see Plate 5 : B ) . Thus it appears that the
following well log has been identified with the wrong well (which seems unlikely),
"56" Petroleum Corporation's Well no. 1, Beauvais Creek Uplift.
(Thorn etal., 1935: p. 110)
Cloverly Formation
Sand, water
Shale, red
Shell, lime
Shale, red
Shale, sand, pink
Shale, gray
Shale, blue
Shale, gray
Shell, lime
Sand, light gray, no water
Morrison Formation
Lime, pink
Shale, gray
Shale, red
Shale, blue
Sand, gray
Shale, gray
Sundance Formation
Shell, lime
Shale, gray
Shale, sandy, blue
Sandy, light gray and hard
Lime
Shale, blue
Red beds
Shell, lime
Lime
Chugwater Formation

Thickness
5
20
3
22
12
23
10
33
6
94

Depth
25
45
48
70
82
105
115
148
154
248

40
7
5
45
28
9

288
295
300
345
373
382

4
64
5
5
23
181
22
16
90

386
450
455
460
483
664
686
702
792
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the well location is in error, or the formation boundaries have been misplaced. Comparison of surface exposures in the area with the following log has led me to conclude
that the last explanation is the most probable.
Of particular interest in the above log is the 94 foot (28.7 m) thick light-gray sand
listed at the base of the "Cloverly". A sandstone matching this description occurs near
the middle of the Sundance Formation in outcrops 3 to 4 miles (4.8 to 6.4 km) south
of Beauvais Creek, but nothing approaching the thickness cited was found in the nonmarine section anywhere near the well site. Another significant fact is that we found
shell fragments [Gryphaea) on the surface (but not in situ) in the lowest exposures
in "Cashen pocket" approximately 200 feet (61 m) below Unit V I I I (see Plate 6 : B ) ,
which indicate that the Sundance probably lies very close to the surface at this point
only a mile (1.6 km) northeast of the well site and at an elevation close to that listed
for the well. O n these grounds, it appears quite probable that little if any of the well
log given above includes any part of the nonmarine section, and the lithologies listed
for both the Cloverly and Morrison Formations are referable to the Sundance
Formation.
Richards (1955: p. 4 1 - 4 2 ) , reporting on the geology of the Hardin-Bighorn Canyon area, listed thicknesses for the Morrison Formation of 140 to 280 feet (42.7 to
85.4 m) and for the Cloverly Formation of between 300 and 400 feet (91 and 122 m)
in the region south of the Bighorn River along the east side of the Bighorn Mountains.
O u r investigation did not extend to this area, so no precise comparisons are made in
this report. However, Richards included the "rusty series" as the uppermost member
of the Cloverly Formation on the basis that it represents the stratigraphic equivalent
of the Fall River Sandstone of the Black Hills region and that the overlying Thermopolis Shale corresponds to the Skull Creek Shale of that region. Inclusion of the "rusty
series" in the Cloverly Formation follows some earlier interpretations but is at variance with certain recent works and current definition by the United States Geological
Survey which consider these as transitional transgressive marine facies closely related
genetically to the overlying marine Thermopolis Shale. T h e variable nature and even
absence of the "Greybull" or "upper sandstone" (as a distinctive massive bed) at this
level makes it impossible to use this unit as a marking horizon between the Cloverly
and the overlying marine shale. However, conspicuous parallel stratification, usually
reflected in the highly fissile character of the "rusty series", is in sharp contrast to the
obscure bedding of the variegated claystones immediately beneath. This character
may serve as a practical criterion for separating the Cloverly Formation from the
overlying Sykes Mountain or Thermopolis Formations. Waage (1955, 1958, 1959a,
1959b) has cited the frequent occurrence of siderite spherulites just below the transgressive disconformity separating the Late Jurassic - Early Cretaceous nonmarine and
marine sections in Colorado and the Black Hills region; he correlated (1959a: p. 57)
this siderite zone with the initial transgression of marine conditions. We occasionally
found such spherulites in the upper 2 to 4 feet (0.6 to 1.2 m) of Unit V I I or the lower
6 to 8 feet (1.8 to 2.4 m) of Unit V I I I .
It is quite possible that this spherulite zone is much more persistent than we found
it to be (unweathered siderite spherulites are difficult to recognize), in which case it
might serve as a more effective marking horizon in the Bighorn Basin for delimiting
the Cloverly and Sykes Mountain or Thermopolis Formations.
For a comparison of previous interpretations and the present classification see
Chart 7.
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A total of 44 fossil vertebrate localities were discovered in this area during the
1964 field season. Of these, 23 produced important collections. In addition, a number
of collections were made by American Museum parties in 1903, 1904, 1931, 1932,
1933, 1938 and 1955 and by the University of Oklahoma in 1940. Some of the American Museum localities, particularly in the Cashen ranch area on Beauvais Creek,
were relocated with the help of oblique aerial photographs, prepared by Barnum
Brown, that pinpointed a dozen sites (see Plate 6 ) ; he also recorded the specimens
collected at each place. These sites were verified by personal inspection, which showed
signs of prior excavation, abundant fresh bone fragments, and "artifacts" left by
earlier collectors. Most of the American Museum sites outside of the immediate vicinity of Cashen ranch could be only approximately located, except for two localities
( A M N H 31-9 and 31-10) north of Pryor that were relocated with the assistance of
Roy Marsh of Pryor, who had aided Barnum Brown in quarry operations at both sites.
T h e two University of Oklahoma sites south of Cashen ranch were relocated approximately through information provided by Dr. Wann Langston of the University of
Texas. These localities are recorded on Locality Maps P through X.
T h e stratigraphic levels of the bone-bearing horizons vary considerably among the
localities. Many, but not all, of the American Museum sites have been found to lie
within Unit V. T h e University of Oklahoma sites also occur in the upper part of this
Unit. The majority of Yale sites are situated in Unit V I I but a few occur in Units V
and V I . T h e precise stratigraphic levels of the fossil horizons of nearly all of these
localities are recorded in the Locality Register (Appendix B) at the end of this report.

MIDDLE DOME AREA. Middle Dome is one of three domal structures on the west end of
the Shawmut Anticline in Wheatland County, Montana. It lies outside of the principal study area shown in Figure 2 approximately 50 miles (80 km) to the northwest,
about 8 to 10 miles (12.8 to 16 km) SSE of Harlowton (Fig. 1 ) . It is included in this
report because of collections made in the area, purportedly from the Cloverly Formation, by the American Museum of Natural History in 1933.
Bowen (1919: p. 197-198) described the Middle Dome exposures as having ". . .
at the top 50 feet of thin-bedded, fine-grained, platy sandstone of somewhat rusty
appearance [Unit V I I I ? ] . . . . Below this sandstone is 45-50 feet of drab to greenish
gray shale, which is succeeded by alternate beds of maroon and white shale containing some interbedded sandstone. The lowest member exposed is a coarse gray sandstone that roofs over the centers of middle and west domes of Shawmut anticline."
These strata are generally similar to the Morrison-Cloverly sequence to the south, but
we were unable to distinguish with certainty most of the units we established in the
Bighorn Basin. Bowen's upper sandstone probably represents our Unit V I I I and the
lower sandstone closely resembles and is presumed to be continuous with the Pryor
Conglomerate (Unit I V ) . T h e intervening variegated claystones may represent one
or more of the expected Units (V, V I and V I I ) . Polished pebbles were found locally,
but only as surface features on low-angle slopes in the lower third of the claystone section. Chalcedony concretions are rare and the few that were found could not be traced
to a definite stratigraphic horizon. T h e claystone sequence approaches 150 feet (45
m) in thickness, the upper 20 to 40 feet (6.1 to 12.2 m) being gray-green mediumgray and weathering to yellow or orange brown. T h e middle part (80 to 100 feet
[24 to 30 m]) is brightly variegated, weathering to deep maroon and brick red with
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pale-lavendar and light-gray zones. The lower 20 to 50 feet (6.1 to 15 m) usually is
neutral dark gray, on both fresh and weathered surfaces, and is highly bentonitic. The
latter is thought to correspond to our Unit V. The more brightly colored section above
probably equals our Unit VII.
Gardner et al. (1945, 1946) published a series of stratigraphic sections from southern and central Montana, but the closest of these is more than 25 miles (40 km) to the
north. No detailed attempt was made to correlate the Middle Dome section with any
of their sections. However, those authors and most other students working in central
Montana place the lower boundary of the Kootenai Formation at the base of a resistant, massive, gray, frequently conglomeratic sandstone. This basal unit has been correlated by most authors with the Pryor Conglomerate on both lithic and stratigraphic
grounds. Thus the Kootenai of central Montana probably corresponds to Units IV,
V, VI? and VII of the Bighorn Basin.
Our principal objective in extending the investigation to the Middle Dome area
was to rediscover the locations and stratigraphic positions of the American Museum
localities. Our efforts were largely unsuccessful. Only one site (AMNH 33-1) was relocated and that was possible only because its position had been recorded by Barnum
Brown on a photograph (see Plate 7: B). Locality AMNH 33-1 is situated in the upper
10 to 20 feet (3 to 6 m) of the variegated maroon "shale" noted by Bowen, some 100
feet (30 m) above the basal Kootenai sandstone (Unit IV?). This level probably corresponds to the middle or upper part of Unit VII. The site is located on the north
rim of Middle Dome approximately 0.25 mile (0.4 km) east of the north-flowing
stream that drains the Middle Dome depression.
None of the other American Museum sites at Middle Dome could be found, and
several days of prospecting in the area netted only indeterminate bone fragments.

DISCUSSION: PREFERRED TERMINOLOGY
Early in our investigation it became apparent that we faced a major problem—the
near impossibility of placing our paleontologic collections within a generally accepted
stratigraphic framework. Except for the contact between the Morrison-Cloverly sequence and the underlying marine Sundance Formation, there appeared to be no universally recognized datum to which we could refer our collections. While that contact
is perhaps the most reliable, it was of little value for such purposes because few of our
collection sites occur near exposures which reveal this datum. Recently, Waage (1955,
1958, 1959a, 1959b) and others have established the regional extent of a transgressive
disconformity separating the Upper Jurassic-Lower Cretaceous continental sequence
from the overlying marine strata. This datum has been recognized in many parts of
the study area, but again, as with the Sundance datum, it is rarely preserved or exposed in the vicinity of our collection sites. Consequently it was necessary to obtain
other stratigraphic data in order to establish a framework to which our collections
could be referred and that could be related to the stratigraphic data and terminology
of previous workers. These data have been presented in the preceding pages.
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At this point it is appropriate to ask which—if any—of the various terminological
usages that have been applied to the Morrison-Cloverly sequence is preferred? Should
we adopt a restricted application of the term Cloverly (sensu Darton, 1906), or a
more expanded usage (after Moberly, 1960), or should the entire nonmarine sequence be placed in a single formation (as suggested by Hewett, 1914) ? I have striven
to present the preceding stratigraphic information in a form free of the usual classical
labels, but now I must conform to more usual stratigraphic practices. Certainly it
would simplify things greatly if the entire nonmarine sequence could be accepted as a
single formation, as suggested or implied by several workers. However, the majority
of stratigraphers that have considered these strata seem to favor subdivision into two
formations. Most recently, Moberly (1960) has cited significant lithic evidence in
favor of this position and now our studies show that there is substantial paleontologic
evidence to support such subdivision. The question now resolves itself to the matter of
placement of the interformational boundary.
Darton did not specify a type section for his Cloverly Formation but he did locate
the site of his detailed measured section (1906: p. 52). Consequently, there can be no
doubt as to precisely what part of the nonmarine section Darton assigned to his new
formation. On the basis of his measured section, we have established that Darton's
Cloverly Formation corresponds to Units VI, VII and VIII of the present report. In
the years that followed, most geologists failed to recognize the strata specified by
Darton, or chose to adopt different definitions. A few of these reports (Hewett, 1914;
Johnson, 1934; Moberly, 1960) clearly indicate that their usage constitutes a redefinition of the formations, but most do not, and the supposition here is that the latter
reports contain misapplications of Darton's terminology. Whatever the sources of the
diverse applications summarized in Figure 3, our efforts have demonstrated to my
satisfaction that the Cloverly Formation as defined by Darton is both widespread and
recognizable throughout the Bighorn Basin region and dius might well be retained as
a valid formation.
To return to Darton's usage, however, would probably add further to the confusion that has plagued work on this part of the stratigraphic column. Whether by
intent or through error, a majority of stratigraphic reports dealing with this region
have placed the Morrison-Cloverly contact at the base of the Pryor Conglomerate (or
a nearly identical conglomerate at approximately the same stratigraphic level). In
some reports it is clear that the author erroneously equated the Pryor Conglomerate
with Darton's basal sandstone. Prevalent usage would seem not to favor returning to
Darton's definition. Most recently, Moberly (1960) has proposed a formal redefinition of the Cloverly Formation within the Bighorn Basin, placing the lower boundary
at the base of the Pryor Conglomerate or at the base of the lowest strata which show
"evidence of significant additions of volcanic debris". His evidence of volcanic debris
(p. 1145) includes "bentonites, partly bentonitic mudstones and claystones, highly siliceous rocks such as cherty siltstones, tuffaceous mudstones and spotted to white cherts,
and variegated rocks especially colored shades of pale-red, light to dark-purple, palegreenish-yellow and neutral gray." Moberly's analysis presents the most detailed evidence so far available and constitutes the best reasons for subdividing this section in
the study area. Accordingly, I have followed Moberly's terminology in this report.
Units I, II and III are assigned to the Morrison Formation and Units IV, V, VI and
VII are included in his redefined Cloverly Formation. The sandstones (Unit VIII)
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at the top of the nonmarine section (Greybull sandstone of some authors) are included in the transitional series ("rusty beds") which Moberly has formalized as the
Sykes Mountain Formation.
A comment regarding the latter unit is in order here, although it is peripheral to
the main objectives of this study. For many years there has been a lack of precision as
to what has been meant by the term "rusty beds". It is evident, as I have shown in the
preceding pages, that Darton included a massive to thin-bedded sandstone at the base
of the "rusty series" as the uppermost element of his Cloverly Formation (as defined
by him in 1906). Ever since Moberly (1960) formalized the "rusty series", including
the lowest sandstone (our Unit V I I I ) , as the Sykes Mountain Formation, a debate
has developed as to whether the new terminology should be adopted or whether Darton's inclusion of the "rusty series sandstone" (Greybull sandstone) should be retained. Some favor recognition of the Sykes Mountain as the upper member of the
Cloverly Formation as being most consistent with prevalent usage in the literature.
Others argue that since this unit (at least in many places) contains the siderite spherulite zone that is judged to mark the transition from terrestrial to marine conditions,
it is more logical to separate the Cloverly Formation from the overlying transitional
and marine strata at this level—or at the base of the sandstone. Clearly there is merit
in both positions.
It is not my intention to evade the problem, but in view of the fact that none of
our fossil vertebrate collections were obtained from Unit V I I I , and because we did
not extend our searches or our sections more than a few feet above the underlying
claystone, I feel unqualified to adopt a formal position here. I have not had to concern
myself with stratigraphic placement of fossil collections within the Sykes Mountain
Formation.
I have listed the Sykes Mountain as a formation in the included columns and referred to it as such in discussions only because it is my impression that this application
is less ambiguous than are many of the older terms that have been applied, at least
within the area we studied.

3. STRATIGRAPHIC DISTRIBUTION OF
FOSSIL VERTEBRATES
Perhaps the most important product of this investigation, aside from the collection of a
previously little known and unpublished fauna, is data on the distribution of fossil
vertebrates found in the Morrison-Cloverly sequence. Two distinct vertebrate faunas
are present, apparently with no overlap. The new fauna appears to be restricted to the
Cloverly Formation (sensu Moberly), at least within the study area, while a typical
Morrison fauna is limited to Units I, I I and I I I .
O u r collections were made primarily from Unit V I I and secondarily from Units
V I and V. No collections were obtained from Unit IV. Excluding the famed Howe
Quarry of the American Museum (which produced only Morrison t a x a ) , as far as I
know all collections from this sequence made by other institutions were collected from
Unit V or above. With the exception of fragmentary crocodilian remains similar to
"Goniopholis", not one specimen in all these collections is referable to a Morrison
taxon. (The status of the genus Goniopholis is far from established and it is probable
that many specimens have been referred to that genus that should not have been.)
Although we did not carry out extensive exploration of Units I, I I and I I I , a number
of identifiable specimens (all fragmentary) were found in these lower units during
the course of our traverses. All of them were referable to Morrison taxa (Stegosaurus,
Camptosaurus, Allosaurus and Apatosaurus).
If elements of the Cloverly fauna are
present in these lower units, we did not recognize them.
T h e precise level of the Morrison-Cloverly f aunal change is difficult to establish because of the rare occurrence of vertebrate remains in all parts of the sequence. T h e
best assessment at present is that the Cloverly fauna is not known below Unit V and
the Morrison fauna is unknown above Unit I I I . T h e change thus appears to coincide
approximately with Unit IV—the Pryor Conglomerate. Unfortunately, identifiable
remains have not been found in the Pryor Conglomerate so it is not known whether
the faunal change took place before or after accumulation of that Unit. Nevertheless,
it is clear that these faunal distributions approximate the revised stratigraphic alignments proposed by Moberly. It seems unlikely, in view of the lithotopic evidence presented by Moberly, that this is due to chance. T h e stratigraphic distribution of these
faunas thus seems to add significant new evidence in support of Moberly's redefined
Morrison and Cloverly Formations in the Bighorn Basin area.
T h e extreme rarity of most vertebrate taxa within the Cloverly Formation makes
it difficult to establish actual stratigraphic ranges. Figure 5 summarizes the known
stratigraphic distributions of the major Cloverly taxa plotted against a generalized
stratigraphic column. These taxa are described in the following section on systematic
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paleontology. For precise stratigraphic occurrences of individual specimens see the
stratigraphic data of the appropriate locality listed in Appendix B.
Unfortunately, only three taxa are represented by large enough samples to provide
meaningful stratigraphic ranges. These are Tenontosaurus tilletti (gen and sp. nov.),
Sauropelta edwardsi (gen. and sp. nov.) and Deinonychus antirrhopus.
Tenontosaurus
appears to occur at all levels within Units V, V I and V I I but is most common in the
upper part of V and the lower part of V I I . Sauropelta also appears to range throughout most of the same three units, but again the most common occurrences are in the
upper few feet of Unit V and the lower part of Unit V I I . Deinonychus is limited to
the upper 30 feet (9 m) of Unit V, Unit V I and the lower part of Unit V I I . It is
most common in the latter. All three taxa appear to be distributed through the sequence without regard to lithology. As might be expected, fossil remains from Unit
V I occur as isolated and water-worn elements. T h e only articulated specimens were
found in the finer grained claystones of Units V and V I I .
T h e remainder of the Cloverly fauna is known only from the upper part of Unit
V or above. This probably does not represent a true lower limit for these elements of
the fauna for several reasons. We expended considerably more effort on the upper
part of the sequence (upper half of Unit V, Units V I , and V I I ) for the simple reason
that these strata are more abundantly exposed than are the lower strata. Exploration
of the lower part of Unit V, however, was relatively unproductive, and it is my impression that it is much less fossiliferous than the overlying beds. In view of the low
occurrence of both Tenontosaurus and Sauropelta, the two most common taxa, I suspect that many, if not all, of the less common elements of the fauna also range close to
the base of Unit V. I regret that we were unable to establish this suspicion as fact, but
the effort required would be excessive, for even the fossiliferous levels of Unit V I I —
our most productive zone—would be considered barren by most standards.

STRATIGRAPHIC DISTRIBUTION OF CLOVERLY VERTEBRATES
GENERALIZED SECTION
NORTHERN WYOMING
SOUTHERN MONTANA
Thermopolis
SYKES
MOUNTAIN
FORMATION

vertical
scale
meters feet

Shale

VIII

I

sandstone

Ml

g^g

crossbedded sandstone

nil conglomeratic sandstone

m

claystone
siltstone

1

E2 chalcedony-barite concretions
EH calcareous concretions
gypsum (selenite-satinspor)
bentonite
"gastrolith"

Pryor
Ion glomerate

53 hematite
FIG. 5. Stratigraphic distribution of Cloverly vertebrates.

concretions

4. SYSTEMATIC PALEONTOLOGY
The extensive collections obtained by American Museum expeditions during the
1930's and Peabody Museum of Natural History expeditions during the 1960's consist
of a large number of partial or nearly complete skeletons, isolated teeth and bones,
and fragmentary elements. Most of these represent new species of saurischian and
ornithischian dinosaurs. Some of the remains, notably of chelonians, crocodilians and
sauropods, are known only from fragments or isolated teeth and postcranial bones.
T h e latter are described and illustrated where appropriate, but some are only tentatively referred to a family or other category because existing material is not adequate
for more definite assignment. Despite these difficulties, the sauropod material is described in some detail because it appears to represent the most significant sauropod
remains from the Lower Cretaceous of the Western Hemisphere and as such is of
particular importance.
CLASS O S T E I C H T H Y E S
SUBCLASS S A R C O P T E R Y G I I
ORDER D I P N O I

FAMILY C E R A T O D O N T I D A E Gill, 1872
Ceratodus Agassiz
Ceratodus Agassiz, 1837.
TYPE SPECIES: Ceratodus latissimus Agassiz, 1837.
TYPE LOCALITY : Near Bristol, England.
K N O W N DISTRIBUTION : Rhaetic of Europe.

Ceratodus frazieri, new species
Plate 8: B ; Plate 9: A
ETYMOLOGY: Ceratodus frazieri; named for the Wilford Frazier family of Billings,
Montana, to whom I am indebted for much assistance.
TYPE SPECIMEN : Y P M 5276, a left mandibular dental plate.
TYPE LOCALITY: Approximately 225 feet (75 m ) southeast of Princeton University
locality 49-1, N W % Sec. 34, T.58 N., R.75 W., Big Horn County, Wyoming. (See
Locality M a p H.)
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DOUBTFUL REFERRED SPECIMENS: Y P M 5537, A M N H 8661? (See Discussion below.)
HORIZON: Unit V, approximately 50 feet
Formation.

(15.2 m)

below Unit V I , Cloverly

K N O W N DISTRIBUTION : Unit V, Cloverly Formation, northern Wyoming.
DIAGNOSIS : Dental plate very large, broad and thin with four broad and apparently
non-tuberculated radial ridges. T h e ridges are not sharp crested distally as in C.
guentheri, nor do they extend to the medial margin of the plate. Externally, these
ridges end in broad projections separated by shallow notches. Anterior ridge the largest, ends in the longest distal projection. Posterior ridge very faint, terminates distally
in a very slight lateral projection. These radial ridges so subdued, apparently by excessive wear, that the typical ceratodontid radiating pattern is not clear, except near the
external margin. Internal margin broadly rounded and not angled as in most other
ceratodontids. Maximum length 58.5 mm, greatest width 28 mm, greatest thickness
only 10 mm.
DISCUSSION : Y P M 5276. As yet no analysis has been made of variation or ontogenetic
differences in ceratodontid tooth plates. T h e situation is further complicated by the
fact that wear appreciably alters the gross morphology of these tooth plates. Foundation of a new species on the present specimen would seem unwarranted under these
circumstances, except for the fact that a large proportion of fossil lung fish are based
on such isolated tooth plates. The Cloverly specimen is clearly distinct from any of the
tooth plates known from the Morrison Formation, as well as from those of other North
American Mesozoic species. Accordingly, until the range of variability, ontogenetic
change, and effects of wear are clearly established the distinctiveness of the present
specimen is best expressed by formal taxonomic designation.
Y P M 5276 (Plate 9: A) is considerably larger than any of the Jurassic or Cretaceous ceratodontid specimens I have seen, and is almost as large as the largest Triassic
plates, specifically those of Ceratodus iatissimus from the Rhaetic and Ceratodus runcinatus of the Keuper (both of Europe). It is almost three times as large as the type
of the Morrison species, C. guentheri (YPM 205) that measures 20 mm, 10 m m and
6 mm, respectively, in maximum length, width and thickness (Plate 9: B) and is at
least twice as large as typical dental plates from the Morrison Formation. All of these
specimens are distinct from C. frazieri in the presence of well-defined, sharp-crested
ridges that extend nearly or entirely across the plate to the internal margin and in the
deep notches separating the external extremities of these ridges. Also, the internal
margins of Morrison specimens are moderately to sharply angled (Plate 9: B, C, D ) .
There seems to be nothing distinctive about the size, spacing or arrangement of the
dentinal osteons in C. frazieri. There is no evidence of a superficial enamel layer or of
palial dentine, except along the external surface, and the tooth plate is composed almost entirely of osteodentine. The absence of enamel or palial dentine is presumably
due to loss by wear, as evidenced by the subdued, broadly rounded topography of the
radial ridges, the absence of tubercles, and the surprisingly thin construction of such
a large plate.
C. frazieri is distinct from the fragmentary type of C. robustus Knight (1898),
presumably from the Morrison Formation of Albany County, Wyoming, in the size
and spacing of the external projections. T h e latter specimen, however, appears
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to be a palatal plate rather than a mandibular plate as described by Knight. C. americanus Knight (1898), also from the Morrison Formation, is based on an incomplete
mandibular plate that corresponds very closely to Marsh's (1878) type of C. guentheri.
C. eruciferus Cope and C. hieroglyphus Cope of the Fort Union (Hell Creek?) of
Montana (Cope, 1876), and C. crosbiensis Warthin (1928) and C. dorothea Case
(1921), both from the Triassic Dokum Formation of Texas, are much smaller (21
mm or less in length) and bear several more ridges than C. frazieri.
The present specimen is the only positive evidence of Dipnoi that we found during
our extensive searches of Cloverly exposures—a surprising circumstance. A possible
second specimen exists, however, and because of its interesting history and taxonomic
importance, it warrants special comment.
"Ceratodus browni" (Wieland) Brown, 1938: p. 131
This specimen (AMNH 8661) was collected by Barnum Brown from the Cloverly
Formation along Beauvais Creek in Big Horn County, Montana, a locale where we
recovered extensive collections (see Locality Register of Appendix B and Locality
Map U ) . Brown apparently thought it was invertebrate or plant and turned it over
to die Curator of Invertebrate Fossils where it was catalogued as AMNH 24123. Wieland (1934) subsequently identified it and described it as a new species of shelf fungus,
Polypontes browni. In 1938 Roland Brown of the United States National Museum
suspected that Wieland's type specimen was not a fungus, and his subsequent investigations "resulted in the elimination of every available possibility except the dental
plates of Jurassic and Cretaceous species of lung-fish, Ceratodus." The correspondence, detail for detail, with these [fish] remains is so close that there is little, if any,
doubt that Polyporites browni represents Ceratodus. The specimen is therefore renamed "Ceratodus browni" (Wieland) Brown, n. comb. (Brown, 1938: p. 131).
Article 2 of the International Code of Zoological Nomenclature states: "If a taxon
is transferred to the animal kingdom, its name or names enter into zoological nomenclature with the original date and authorship." It seems to me that this would hold
true only if other criteria of availability (Articles 10, 11, 12, 13, 14 and 15) are satisfied at the time of transfer. Article 13, for example, requires accompaniment of "a
statement that purports to give characters differentiating the taxon—or a bibliographic reference to such a statement" for names proposed after 1930. It is absurd to
consider Wieland's description establishing a fossil fungus as a distinctive diagnosis of
a lungfish, and since Roland Brown failed to amend the description so as to distinguish his species of Ceratodus from other Ceratodus species, C. browni does not seem to
satisfy die Code.
The type of C. browni (now recatalogued as AMNH 8661) unfortunately is a
badly abraded fragment that cannot be referred with certainty to any animal group.
No definitive gross character is preserved, the shape being entirely the result of broken
or worn surfaces. There is no evidence of radial ridges or of lateral projections. Only the
microscopic "polypore" structure exists and, although it does resemble that of lungfish
tooth plates in a superficial way, it is not the same (see Plate 8: A). This specimen
may well be a ceratodontid, but it certainly lacks all the usual diagnostic characters
and is thus inadequate as a type specimen. I therefore consider Ceratodus browni a
nomen dubium.
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SUBCLASS A C T I N O P T E R Y G I I
ORDER A M I I F O R M E S
SUBORDER ? A M I O I D E I

Plate 15: C-E
REFERRED SPEGIMEN: Y P M 5519, a partial left dentary of an indeterminate species.
LOCALITY: Y P M 64-40, approximately 500 m east of Push Creek, Big Horn County,
Montana. (See Locality M a p R.)
HORIZON: Unit V I I , 12 feet (3.6 m ) above Unit V I , Cloverly Formation.
DESCRIPTION : T h e above specimen consists of a fragment of an edentulous left dentary
which is generally similar to, but quite distinct from that of Amia. I t appears to include part of the symphyseal surface, but this is uncertain because of abrasion. T h e
length of the fragment is 37.5 mm, maximum vertical and transverse dimensions are
7 and 5 mm, respectively. I t tapers very gradually anteriorly and is distinctively bowed,
convex laterally. In cross-section, it is triangular with a sharp, narrow ventral apex
that reflects a sharp-crested medio-inferior margin.
T h e external surface (Plate 15: E) is slightly convex both vertically and longitudinally and faces out and down. I t is smooth and unsculptured, but there are a number of distinct foramina irregularly spaced and arranged in two poorly defined rows.
T h e lower of the rows is the more prominent and appears to represent the mandibular
lateral line. T h e internal surface (Plate 15: D ) is more strongly convex (vertically)
than the external surface and is marked by a narrow, shallow, open Meckelian groove
just beneath the upper margin. There is no evidence whatsoever of a splenial or any
other post-dentary element, nor is there is any indication of a median gular. T h e dorsal
surface (Plate 15: C) is broad and gently convex, the width being nearly uniform
throughout the length.
A total of 14 alveoli are arranged in a single row along the external margin of the
dorsal surface and separated from the medial margin by a fiat shelf 1 to 3 m m wide.
T h e alveoli vary considerably in size but not in a regular or progressive manner. T h e
sixth through ninth (from the front) alveoli are the smallest, ranging from 0.9 m m to
1.5 m m in minimum diameter, whereas those in front and behind are significantly
larger. T h e 12th alveolus is the largest, measuring approximately 2.5 by 3 mm. This
irregular variation in alveolar size may be comparable to the irregular size variation of
marginal dentary teeth that is characteristic of amioids. Nearly all alveoli are oval, the
transverse diameter being greater than the longitudinal dimension. T h e alveoli are not
deep, but are regularly spaced and well defined. Tooth implantation was clearly
subthecodont.
Despite the absence of both functional and replacement teeth, this fragment is well
preserved. T h e alveolar dimensions relative to height and width of the fragment suggest that probably no more than 30 percent of the dentary is missing—if that much.
This would indicate a mandible approximating 50 m m in maximum length.
DISCUSSION: With the fragmentary evidence at hand, it is impossible to assign the
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specimen with certainty. I n shape, size, triangular cross-section and the line of external foramina it most closely resembles the dentary of Amia. I t differs from the latter
in its greater depth and robustness and in the absence of accessory teeth medial to the
marginal tooth row. Although the fragment is possibly of amiid affinity, I have referred it questionably to the Amioidei.

CLASS R E P T I L I A
ORDER T E S T U D I N A T A

Numerous fragments of turtle carapaces, plastra and limb bones are present in the
Cloverly collections of the American Museum and the Peabody Museum. Most of
these are not identifiable, but some are tentatively assigned here to the following taxa,
chiefly on the basis of sculpture patterns.

SUBORDER C R Y P T O D I R A 2
SUPERFAMILY B A E N O I D E A Williams, 1950
PFAMILY G L Y P T O P S I D A E Marsh, 1890

Naomichelys Hay, 1908.

TYPE SPECIES: Naomichelys

TYPE LOCALITY:

speciosa Hay, 1908.

"25 miles east of Pryor, M o n t a n a " 3 ;

"Morrison

Formation"? 4

( = A M N H 04-10?).
K N O W N DISTRIBUTION: Units V, V I and V I I of the Cloverly Formation, M o n t a n a

and Wyoming.
DIAGNOSIS : Same as for the type and only species.

Naomichelys speciosa Hay

Plate 9: E a n d F

2
Gaffney (1969) restricts usage of the term Amphichelydia to those early turtles that include
the common ancestors of the Cryptodira and Pleurodira, as originally suggested by Lydekker
(1889c). His study of the Baenoidea indicates a close relationship with the cryptodires and I
follow Gaffney in placing the baenoids in the Cryptodira.
3
This would place it in the vicinity of Beauvais Creek, near other Cloverly Formation sites of
the American and Peabody Museums. (See Locality M a p U.)
4
Brown specified Morrison Formation in 1904 when he collected this specimen. T h e term
Cloverly was proposed by Darton that same year and in subsequent years Brown referred to that
part of the stratigraphic section exposed in the Beauvais Creek area as the Cloverly Formation.
I have shown in a previous section (pages 44-45 and Measured Section 28, Appendix A) that there
is very little of the Morrison Formation exposed in the Beauvais Creek area.
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TYPE SPECIMEN: A M N H 6136, entoplastron illustrated by Hay, 1908, Plate 40: figs.
2,3.
TYPE LOCALITY: "25 miles east of Pryor, Montana, Cloverly Formation" ( = A M N H
04-10?).
REFERRED SPECIMENS: Right and left epiplastra (YPM 5385, 5 4 3 1 ) ; fragmentary
pleurals (YPM 5432, 5433, 5 4 3 4 ) ; humerus head, femur head and many shell fragments (YPM 5437, 5518); shell fragments ( A M N H 3052).
LOCALITIES: Y P M 63-19, 64-18, 64-39, 64-56.
KNOWN DISTRIBUTION: Units V, V I and V I I of the Cloverly Formation, Montana
and Wyoming.
REVISED DIAGNOSIS : External ornamentation consists of variable, but generally closely
spaced, cylindrical to oval tubercles or pustules ranging from 0.5 to 1.2 m m in diameter and 0.3 to 0.5 m m in height. T h e upper pustule surfaces flat to rounded and pustule bases constricted in diameter. Pustules commonly broken off leaving small circular scars. Arrangement appears to be random with no distinct lineation and adjacent
tubercles do not coalesce. Entoplastron diamond shaped and slightly longer than wide.
T h e posterior apex is longer than the anterior apex. Entoplastron slightly underlapped
ventrally by the epiplastra and extensively overlapped by the hyoplastra. Ventral surface is marked by clear narrow sulci defining a long, narrow, wedge-shaped intergular
and the medial portions of the humeral scutes. T h e intergular appears to have extended
to the anterior extremity of the entoplastron, but falls short of the posterior extremity.
Epiplastra variable with a very short interepiplastral suture and a broad ornamented
marginal band on the dorsal surface. Epiplastra more robust (14 m m thick) than entoplastron. Sulci show the gular scutes to have been much longer in transverse dimension
than in longitudinal dimension, and the posterior seam with the humerals is subparallel
to the anterior epiplastron margin over much of the seam length. Pleurals inadequately
known, but are relatively thin and not strongly arched transversely. Pleurals are not
parallel sided, but taper slightly proximally. The rib is represented by a broadly convex
ridge on the underside of the pleural.
DISCUSSION: These several isolated carapace and plastron elements are believed to
belong to a single species, Naomichelys speciosa, because of the unusual ornamentation that is identical to that of the type specimen. Ordinarily I would consider such
evidence unsound, but examination of numerous collections of Mesozoic turtles has
revealed a conspicuous lack of ornamentation of this type. One specimen does suggest
that this type of ornamentation may not have been constant. A M N H 3052, consisting
of numerous shell fragments collected from 40 feet (12 m) below the Lakota (Unit
V I I I ) at an unrecorded site at Middle Dome, Montana (Wheatland County), has
this distinctive Naomichelys type of ornamentation. One fragment, however, has typical
Glyptops type of sculpture and is devoid of pustules. There is no way to establish
whether this solitary fragment is from a second specimen or a different region of the
shell. I am inclined to favor the former on the grounds that no single fragment or
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specimen presently known shows gradation of Naomichelys and Glyptops types of ornamentation. Nevertheless, such gradation is possible and until more complete specimens are available, the following assignments are tentative.
In addition to the type specimen, which almost certainly is from the Cloverly Formation, several dozen fragments have been recovered from the upper part of that
formation (Units V I and V I I ) , all with the peculiar pustulose ornamentation. The
type specimen corresponds very closely with the entoplastron of a nearly complete
turtle ( F M N H PR273) in the Field Museum collections from the Trinity Formation
of Texas. T h e similarities include gross shape and dimensions, a long, narrow, wedgeshaped intergular and the same pustulose ornamentation that is present on all external
surfaces of both the plastron and carapace. Interestingly enough, the Trinity and Cloverly Formations have been considered approximate correlatives for some time. The
Chicago specimen has not been studied as yet, but it most probably is referable to
Naomichelys speciosa.
Very similar pustulose ornamentation is also characteristic of the several species of
Tretosternon from the Wealden of the Isle of Wight and Belgium.
Tretosternon,
which has arbitrarily been placed in the Dermatemydidae, may not be close to
Naomichelys, but the similarity of sculpture is extraordinary. The only other chelonian that I am aware of with ornamentation of this general type is Helopanoplia
distincta Hay (1908), a trionychid from the Lance Formation. In that species, the
tubercles are more closely spaced, and commonly several tubercles are coalesced to
form short, curved ridges. In the Cloverly specimens the spacing between tubercles is
usually greater than tubercle diameter, and there seems to be no coalescing of adjacent pustules.
The two epiplastra (YPM 5385, 5431), although approximately of the same size,
differ in several features. In Y P M 5385 the ornamented marginal upper surface is
broader than in 5431 and is marked by a distinct furrow in its lateral extremity. T h a t
part of the upper surface that is ornamented in Y P M 5431 is convey throughout its
length. T h e position of the gular-humeral sulcus differs also, with the gular scute overlying a large fraction of the epiplastron and extending over the entire marginal length
of Y P M 5385, whereas in Y P M 5431 it covered a much smaller portion of the inferior
surface and did not extend to the lateral extremity of the epiplastron. For the present,
I consider these differences as individual variations and refer both varieties to
Naomichelys speciosa until additional data are available.

Glyptops Marsh
Glyptops Marsh, 1890.
TYPE SPECIES : Compsemys plicatulus Cope.

Glyptops plicatulus Cope
Compsemys plicatulus Cope, 1877.
Glyptops ornatus Marsh, 1890.
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TYPE LOCALITY: Garden Park, Colorado.
KNOWN DISTRIBUTION: Atlantosaurus

beds ( = Morrison Formation).

"Glyptops"

pervicax Hay

Glyptops pervicax Hay, 1908.
TYPE SPECIMEN: A M N H 1910, incomplete carapace and nearly complete plastron,
the latter figured by Hay, 1908, fig. 32.
TYPE LOCALITY: "Brush Creek", 10 miles (16 km) east of Pryor, Montana (see following Discussion).
REFERRED SPECIMENS: Incomplete plastron and carapace ( A M N H 6071; Y P M 4893,
4894, 4891, 4889, 5435, and 5277).
LOCALITIES: Y P M 62-11, 62-13, and 66-3.
KNOWN DISTRIBUTION : Unit V I I , Cloverly Formation and lower part of "Graneros"
shale (Sykes Mountain Formation?), northern Wyoming and southern Montana (see
following Discussion).
DISCUSSION: Except for A M N H 6071, none of the referred specimens are referable to
Glyptops pervicax with certainty. All are too fragmentary. T h e faint, winding sculpture pattern, however, is similar to that of Hay's species. Gaff ney (1969) has studied
the type specimen and a referred specimen ( A M N H 6071) and concluded that
"Glyptops pervicax" is not determinable beyond assignment to the Baenoidea, but the
ornamentation indicates it may be distinct from G. plicatulus and Naomichelys. Gaffney (personal communication) suspects that G. pervicax may be referable to a new
genus he is describing from the Trinity Group of Texas.
At this date, more than 60 years after Barnum Brown collected the two American
Museum specimens ( A M N H 1910, 6071) there is little likelihood that the precise
localities and stratigraphic positions will ever be determined. Hay (1908) gave
Brown's locality for the type specimen as 10 miles (16 km) east of Pryor, Montana on
"Brush Creek". T h e records in the American Museum catalogue read the same. T h a t
region was extensively explored by our field parties, and I myself am very familiar
with the area. At present there is no stream in the area known as "Brush Creek". Although we cannot establish the name in use in 1903, the name Push Creek is now
applied to the first major tributary of Beauvais Creek, 13 miles (20 km) almost due
east of Pryor. Outcrops along the lower 2 miles (3.2 km) of Push Creek consist of
the Morrison, Cloverly, Sykes Mountain, and Thermopolis Formations. Thus, it appears probable that "Glyptops pervicax" came from either the Sykes Mountain (rusty
beds) or the lower part of the Thermopolis Shale (rather than the Graneros Shale as
indicated in American Museum records) from somewhere along Push Creek. T h e
second specimen apparently came from the Sykes Mountain Formation in the vicinity
of Cashen ranch on Beauvais Creek, approximately 25 miles (40 km) east of Pryor.
Other fragments obtained by Yale expeditions were all found in the uppermost unit
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( V I I ) of the Cloverly Formation from several localities in Wyoming. O n the basis
of these tentative identifications, it appears that at least one Cloverly taxon may have
survived the initial marine transgression.

SUBORDER C R Y P T O D I R A

PFAMILY incertae sedis
Plate 9: I-L
DESCRIPTION : A large turtle is represented by the proximal and distal ends of a large
right humerus ( Y P M 4900; locality Y P M 63-27). T h e shaft is missing so length and
complete form are not known. Morphologically, these fragments (Plate 9: I-L) compare most closely with certain living emydines, particularly Terrapene and Clemmys,
and appear to represent a large terrestrial or semiaquatic tortoise. Except for the
much larger size, the fragments are identical, point for point, with the humerus extremities of Terrapene: the oval, and slightly twisted head, the broad and sharply
defined external (anterior) shelf facet adjacent to the head, the large, tapered internal tuberosity and the smaller deltopectoral crest at nearly right angles, and positioned
proximally, close to the head, the short but deep fossa between these proximal processes, the sharply defined and raised trochlear surface extending slightly onto the dorsal surface, the relative sizes and convexities of the radial and ulnar condyles, the form
and location of the ectepicondyle foramen and groove, and the reduced size of the
ent- and ectepicondyles. In several of these features there is a close comparison with
Glyptops plicatulusl, but in the latter the head is more nearly spherical, the long axis
of the head is perpendicular to the deltopectoral crest rather than oblique, and the
external articular shelf is narrow and not so sharply defined. T h e internal tuberosity
and deltopectoral crest also are of different shape, and the deltopectoral crest is relatively more massive and at more than 90° to the internal tuberosity in the present
specimen. Also, the ectepicondyle and entepicondyle are larger in the present specimen and the trochlea more expanded with both condyles being well rounded, but the radial condyle is the smaller of the two. T h e proximal ectepicondyle foramen is situated
well proximal to the trochlear facet, in contrast to Glyptops plicatulus, and the entepicondyle is much larger in Glyptops. T h e only feature (other than size) that appears to distinguish the specimen from Terrapene is a moderate-sized, deep fossa on
the dorsoanterior surface of the deltopectoral crest. I have not recognized this condition in any other turtle.
LOCALITY: Y P M 63-27.

HORIZON : Unit V I I , Cloverly Formation.
DISCUSSION: These fragments cannot be assigned to any family with certainty, but
they suggest testudinid affinities. If correct this would be the earliest record of that
family. Hay (1908) described Gyremys spectabilis, from a carapace and plastron from
the Judith River Formation, as an emydid ( = testudinid) and Estes (1964) tentatively assigned some shell fragments from the Lance Formation to the Emydinae.
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FAMILY incertae sedis
Plate 9: G a n d H
DESCRIPTION: T h e distal end of a left humerus ( Y P M 4-903) from U n i t V I I , locality
Y P M 63-28, appears to represent a fourth chelonian family, although it cannot be
referred even to this order with absolute certainty. T h e distal end is compressed dorsoventrally so that the breadth (24.5 m m ) is more than twice the thickness (11 m m ) .
There is no sign of a trochlear facet, the entire distal surface is broadly convex both
transversely and vertically with only a slight concavity at the middle of the ventral
margin to show the subequal radial and ulnar surfaces. The broad, nontrochlear form
would appear to rule out the pleurosternids. T h e shaft appears to have been moderately arched and tapered to a thin cylinder (10 mm) near midlength, a condition
which eliminates highly aquatic turtles. T h e ectepicondylar foramen has been lost, but
a long, deep groove extends down the middle of the anterior shaft surface and turns
sharply downward across the articular surface. Although different in several details,
this fragment most closely approaches the humeral morphology of some pelomedusids,
particularly that of Podocnemis. Numerous specimens of Late Cretaceous age have
been referred to the Pelomedusidae, but the present specimen is totally inadequate for
definite assignment, and I am not suggesting that it represents an Early Cretaceous
member of that family.
LOCALITY: Y P M 63-28.

HORIZON : Unit V I I , Cloverly Formation.

ORDER C R O C O D I L I A
SUBORDER M E S O S U C H I A

FAMILY incertae sedis
Plate 10: A-D
DESCRIPTION : Crocodilian remains are not very abundant in the upper three units of
the Cloverly Formation. Whether this indicates that Cloverly-age crocodilians were
less aquatic and more terrestrial in their adaptations, or simply less common, is not
known. They do not constitute a major fraction of the known fauna. Numerous isolated teeth, vertebrae, dermal scutes and limb bones were collected at a large number
of the Yale localities. T h e vertebrae all appear to be referable to the platycoelous
Mesosuchia, but the teeth and scutes cited here may include representatives of the
Eusuchia. None of these remains are adequate for definite assignments, so only brief
comments are appropriate.
Teeth. T h e referred teeth are of two basic types, relatively long, slender, straight
or slightly curved cones and short, blunt, circular to oval "buttons". With the exception of two of the former ( Y P M 5440, 5448), all have moderately to strongly developed ridges and grooves on all sides.
REFERRED SPECIMENS: Isolated conical teeth ( Y P M 4884, 4890, 5343, 5345, 5346,
5348, 5353, 5354, 5358, 5361, 5362, 5363, 5364, 5372, 5381, 5438, 5439, 5443, 5444).
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LOCALITIES: Y P M 62-5, 62-11, 63-16, 63-18, 63-19, and 64-18.
HORIZONS : Units V I and V I I , Cloverly Formation.
T h e tapered cones have two straight and rather prominent ridges, one on each
side. The remaining ridges usually are most strongly developed on the concave surface
and less prominent on the convex (external) surface. T h e two exceptions mentioned
above may be variants of the more common type, but both are characterized by very
pronounced, curved, anterior and posterior ridges, and an absence of other ridges. The
more common, simple conical teeth range from less than 8 mm to more than 35 mm
in height and up to 14 m m in basal diameter. In general, the ridges and grooves are
most pronounced on the largest teeth, but not all large teeth are equally prominent
in this sculpture. However, they do not differ in any significant way from the ubiquitous crocodilian teeth from the Morrison Formation that are commonly referred to
"Goniopholis" (Plate 10: A ) .
REFERRED SPECIMENS: Isolated teeth (YPM 5342, 5344, 5359, 5447).
LOCALITY: Y P M 63-19.

HORIZON : Unit V I I , Cloverly Formation.
T h e blunt, buttonlike teeth, most probably posterior teeth, are represented by only
eight isolated teeth from a single locality (YPM 63-19). All show faint wrinkling of
the sides and all are inflated above the base. The sizes range from less than 2 mm to
about 9 m m in maximum diameter. I am unable to find significant differences in these
from the posterior teeth of modern Alligator (Plate 10: B ) .
REFERRED SPECIMENS: Isolated vertebrae (YPM 4883, 5110, 5128, 5129, 5172, 5292,
5293, 5384, 5398, 5412, 5414, 5415, 5425, 5429, 5445, 5530).
LOCALITIES: Y P M 62-5, 63-18, 63-19, 64-3, 64-18, 64-23, 64-61, 64-63, 64-70, 64-71.
HORIZONS : Units V I and V I I , Cloverly Formation.
Several isolated vertebrae, including three caudals (YPM 5110, 5172, 5445) and
centra of a dorsal and cervical (YPM 5129, 5128), are tentatively referred to Crocodilia. T h e caudals are of differing size and length and appear to represent different
segments of several individuals. All are platycoelous with rather flat lateral surfaces
and a shallow, broad, ventral groove on the underside of the centrum. Robust transverse processes occur at the level of the neural canal and anterior to centrum midlength (Plate 10: C a n d D ) .
The dorsal and cervical centra are also platycoelous, the latter with rather robust
parapophyses and a prominent ventral ridge (but not a keel).
REFERRED SPECIMENS: Limb fragments (YPM 5401, 5412; 5436; A M N H 5852).
LOCALITIES: Y P M 63-16, 64-18, 66-3; A M N H 03-26.
HORIZONS: Units V I and V I I , Cloverly Formation.
From Yale locality 66-3, the proximal end of a left femur (YPM 5436) was collected. Although it is not possible to assign this to a particular genus, it does not differ
in any significant way from femora of various sizes from the Morrison Formation that
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have usually been referred to Goniopholis. T h a t genus is presently under study by Dr.
Wann Langston, and any reference of material to Goniopholis at this point would be
questionable. Of particular interest, though, regarding the present specimen is the
fact that it is identical with the femur of Alligator mississippiensis but is clearly distinct from Crocodylus. Extrapolating from Recent Alligator, the fragment is from a
femur approximately 13 cm long and represents an animal about a meter and a half
in length.
Associated with this specimen was another fragment that appears to be the proximal end of a left tibia, but it is too poorly preserved and incomplete to warrant further comment.
T h e proximal and distal ends of a much smaller crocodilian femur (YPM 5412)
were recovered from Yale locality 64-18. T h e original bone did not exceed 6 cm in
length and represents remains of the smallest individual crocodilian found in the
Cloverly Formation.
A variety of crocodilian scute fragments were recovered from a number of localities, particularly the quarries at Crooked Creek. All feature the deep, circular to oval,
pitted type of sculpture. None were characterized by a keel. An incomplete metatarsal
(YPM 5401), probably the fourth from a left pes, was also recovered at a Crooked
Creek site (Locality Y P M 63-16).
T h e best crocodilian specimen, purportedly from the Cloverly Formation, is
A M N H 5852, from an unknown locality ( A M N H 03-26) somewhere along Beauvais
Creek on the Crow Reservation. This specimen, apparently surface scrap, consists of
hundreds of chips and fragments heavily encrusted with hematite; included are two
dorsal centra, a sacral centrum, most of both humeri, a right femur, part of the left
femur, the right tibia, right coracoid, proximal end of the right radius, proximal end
of the right scapula, the pubic peduncles of both ilia, part of the right ischium, parts
of both lower jaws and dozens of scutes with numerous deep circular pits.
T h e femur matches that described above (YPM 5436) and those referred to
Goniopholis from the Morrison Formation. Femur length is about 18.5 cm. As with
Y P M 5436, it corresponds closely with the femur of Alligator, except that the shaft is
slightly less robust, the fourth trochanter is less prominent, and the size and position of
the insertion of the M. caudi-femoralis longus is smaller and more distally placed.
T h e tibia is distorted, but its original length was approximately 16 cm. It also appears less massive than the tibia of Alligator, but no other details can be observed due
to the distortion and the encrusting hematite. Neither humerus is complete and both
have suffered from crushing, but the right humerus had an original length of close to
20 cm. If correct, this means the humerus was longer than the femur, a trait that
would be unique among crocodilians. Like the hind limb elements this bone was also
less robust than that of Alligator. There are other differences from Alligator; specifically, the radial condyle is larger than the ulnar condyle and it is bordered by a short
anterior ridge at its anteroinferior margin, the proximal end is also less expanded
anteroposteriorly.
T h e remaining fragments show few other features that differ from Alligator. T h e
anterior blade of the coracoid appears to have been thinner and longer and the pelvic
elements appear to have been relatively larger, but the material is too fragmentary to
be certain. T h e jaw fragments contain several "Goniopholis" type teeth.
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T h e vertebrae are similar to the other isolated vertebrae cited above, except that
the two dorsals bear slight, midline bosses on the ventral surfaces close to the anterior
margin. These may be posterior remnants of the ventral sagittal keel that is characteristic of Recent crocodilian cervicals and anterior dorsals, but, if so, there are no similar
features in living crocodilians except in the cervicals, and neither of these centra are
cervicals. Both are platycoelous to amphiplatyan, subcircular in end view and concave
longitudinally in both ventral and lateral surfaces.
As with the preceding material, this specimen cannot be assigned with certainty to
any genus.

ORDER S A U R I S C H I A
SUBORDER T H E R O P O D A

FAMILY D R O M A E O S A U R I D A E Matthew and Brown, 1922
Dromaeosaurinae Matthew and Brown, 1922.
Dromaeosauridae Matthew and Brown, Ostrom (1969a).
REVISED DIAGNOSIS: Small to moderate-sized theropods, lightly built and bipedal in
posture. Fore limb not reduced. Manus long and slender with three functional digits.
Digit I I I moderately divergent and carpus highly specialized with asymmetrical ginglymus on radiale. Hind limb moderately long, pes of moderate length and functionally didactyl. Digit I I modified as an offensive or predatory weapon with large trenchant claw. Digits I I I and I V subequal and normal, digits I and V reduced. Caudal
series may be modified by extremely long prezygapophyseal and chevron processes
that rendered the tail virtually inflexible throughout most of its length.
KNOWN DISTRIBUTION: Late Aptian or Early Albian to Late Campanian or Early
Maestrichtian, western interior of North America and central Asia.
COMMENT: Matthew and Brown first used the term Dromaeosaurinae in 1922 for reception of their newly described theropod species, Dromaeosaurus albertensis from the
Belly River Formation (Oldman) of Alberta, which they provisionally referred to the
Deinodontidae (Tyrannosauridae). Gilmore (1924, 1933) and K u h n (1966) accepted this classification, but few other students have recognized the category. Most
authors have in fact not accepted the deinodont assignment and have referred
Dromaeosaurus to the Coeluridae, Coelurosauridae or Compsognathidae (probably
because of its small size more than anything else). Discovery of the following material
and its clear affinities with Dromaeosaurus has established the validity of a suprageneric category, so I have proposed (1969a) elevation of Matthew and Brown's
Dromaeosaurinae to family rank. Related species that may be included in the family
(see Ostrom, 1969a and b) are Stenonychosaurus inequalis Sternberg (1932), Velociraptor mongoliensis Osborn (1924) and Saurornithoid.es mongoliensis Osborn (1924).
This new rank was also adopted by Colbert and Russell (1969) in their study of
Dromaeosaurus.
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Deinonychus

Deinonychus

Ostrom

Ostrom, 1969.

TYPE SPECIES: Deinonychus

antirrhopus

Ostrom, 1969.

TYPE LOCALITY: Y P M 64-75, N E / 4 Sec. 17, T.7 S., R.24 E., Carbon County, Montana. (See Locality M a p L.)
KNOWN DISTRIBUTION : Cloverly Formation, Units V, V I and V I I , northern Wyoming
and southern Montana.
DIAGNOSIS : Same as for the type species.

Deinonychus antirrhopus Ostrom
Plate 10: E-M
Deinonychus

antirrhopus Ostrom, 1969.

TYPE SPECIMEN : Y P M 5205, left pes illustrated by Ostrom, 1969a, figs. 1-3.
TYPE LOCALITY: Y P M 64-75, N E "4 Sec. 17, T.7 S., R.24 E., Carbon County, Montana. (See Locality M a p L.)
REFERRED SPECIMENS: Y P M 5201-5204, 5206, 5379, 5356, 5366, 5371, 5376, 5420,
5441, 5278, 5279, 5280, 5281, 4886, 4887, 5283, 5399, 5275, 5287, 5288, 5289, 5290,
5291, 5397; A M N H 3015, 3037, uncatalogued teeth associated with A M N H 3041,
and uncatalogued teeth with A M N H 3034.
LOCALITIES: Y P M 62-6, 62-14, 63-18, 63-19, 64-18, 64-27, 64-33, 64-41, 64-52, 64-53,
64-64, 64-65, 64-67, 64-72, 64-74, 64-75; A M N H 32-5, 32-8, 33-1.
KNOWN DISTRIBUTION : Units V, V I and V I I of the Cloverly Formation, north-central
Wyoming and south-central Montana.
DIAGNOSIS: See Ostrom, 1969a, 1969b.
DISCUSSION: A detailed description of the species has been presented (Ostrom,
1969b) so additional description is not necessary here. T h e distribution is extended to
include 16 new localities ranging from Shell Creek (Big Horn County, Wyoming) to
Middle Dome (Wheatland County, M o n t a n a ) . Most of the materials consist of isolated teeth or fragmentary elements that can be referred with certainty to D. antirrhopus on the basis of the very large collection obtained at locality Y P M 64-75. T h e
teeth are all characterized by a pronounced size discrepancy between the serrations
of anterior and posterior carinae, a feature that appears to be unique to Deinonychus
and related forms of later Cretaceous age.
Although the majority of the localities listed produced fragmentary, isolated elements, this species would seem to have been moderately abundant. It is by far the
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most common theropod, and appears to have been the third most abundant element
in the Cloverly megafauna.
FAMILY O R N I T H O M I M I D A E Marsh, 1890
Ornithomimus
Ornithomimus

Marsh

Marsh, 1890.

TYPE SPECIES: Ornithomimus

velox Marsh, 1890. (See my Plate 1 1 : A-E.)

TYPE LOCALITY: SW *4 Sec. 27, T.4 S., R.69 W., Jefferson County, Colorado.
KNOWN DISTRIBUTION: "Denver Formation", Colorado.
Ornithomimus sp.
Plate 1 1 : F-J
REFERRED SPECIMENS: Incomplete left metatarsal I I (YPM 5174); incomplete left
metatarsal I V (YPM 5 2 8 4 ) ; fragment of a proximal pedal phalanx ( A M N H uncatalogued); and a pedal ungual ( Y P M 5286).
LOCALITIES: Y P M 63-16, 63-18; A M N H 55-1 or 2 ("Beauvais Creek, M o n t a n a " ) ;
and Y P M 64-3.
K N O W N DISTRIBUTION: Unit V I I , Cloverly Formation of northern Wyoming and
southern Montana.
DESCRIPTION: Reference of these fragmentary remains to Marsh's genus may seem
questionable, but the near identity of the two metatarsal fragments to Marsh's type
specimen of O. velox is so striking that any other action would be highly misleading.
T h e two metatarsal fragments are from different size individuals and were collected
from different quarries nearly 100 meters apart.
Metatarsal I I (YPM 5174) is approximately 50 percent larger than that of O. velox
but otherwise is virtually indistinguishable from the latter (see Plate 1 1 : C and H ) .
T h e distal articular facet is a bulbous convexity with a broad and relatively deep inferior medial fossa or groove dividing two divergent condyles. However, the surface
is not ginglymoid. A shallow concavity marks the inner side and a deep oval collateral
ligament fossa marks the external surface. T h e shaft is subcircular in section with
moderately well-defined, flattened surfaces internally, externally and inferiorly. These
flattened shaft surfaces are somewhat less pronounced and less well defined in the
Cloverly specimen than in Marsh's type specimen. T h e proximal end is missing, consequently the length is unknown, but it almost certainly exceeded that of O. velox
(YPM 542) in which the minimum length of the third metatarsal is 22.2 cm. T h e
incomplete length of Y P M 5174 is 16 cm.
T h e fourth metatarsal (YPM 5284) is from a smaller individual approximately
15 percent larger than the type of O. velox (Plate 11: A, B, F and G ) . The distal facet
is almost triangular in end view, as in O. velox, and strongly convex and not ginglymoid. Inferiorly, the facet is extended into a robust internal condyle and a long, thin
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external condyle, separated by a shallow depression. T h e external distal surface is
marked by a shallow depression, the inner surface by a well-defined oval fossa, precisely as in O. velox. T h e midshaft is strongly flattened on the ventral and internal surfaces. T h e incomplete length is 23.5 cm, compared with an incomplete length of 16.5
cm in O. velox (YPM 542).
An isolated incomplete ungual (YPM 5286) of small size (3.5 cm probable maxim u m length) is clearly distinct from those of all other Cloverly taxa. It is nearly
straight, with a straight-sided narrow taper. T h e underside is broad and flat, the upper
surface is sharply rounded. A very slight flexor tubercle is present immediately distal
to the lower margin of the ridged articular facet. Although not identical to ornithomimid foot claws, it compares best with Ornithomimus velox and is tentatively referred
to that genus (see Plate 1 1 : 1 and J ) .

DISCUSSION: Osbom (1917) proposed the name Struthiomimus
"for the Belly River
(Fort Pierre) stage of the Ornithomimidae" to distinguish material in the American
Museum ( A M N H 5339) and National Museum of Canada ( N M C 930f) from the
Belly River Formation of Alberta from Marsh's specimen of possible younger age from
the "Denver Formation, 12 miles from Denver, Colorado". One of the distinctive
features cited by Osbom for Struthiomimus was the retention of the fifth metatarsal,
whereas Ornithomimus is distinguished "by the loss of metatarsal V in the pes, for
which no facet remains." Osborn further justified Struthiomimus on the grounds that
it was improbable that a genus would persist from the Monoclonius-Ceratops
zone
( = Belly River, Judith River) into the Triceratops-Torosaurus
zone ( = H e l l Creek,
Lance, Denver).
I agree with Gilmore (1920) that these are inadequate bases for proposing a new
genus, particularly in view of the fact that the precise age of Ornithomimus velox is
debatable. Moreover, I would like to point out that the absence of the fifth metatarsal
in Y P M 542 is negative and inconclusive evidence. Examination of the proximal end
of the type metatarsal I V reveals the presence of a distinct notch in the posterior margin, the location and surface of which is highly suggestive. I suggest that a fifth metatarsal probably was present and occupied this notch in O. velox, and until further
evidence of the distinctiveness of the various relevant materials, I prefer to use the
name Ornithomimus. In the absence of distinctive characters in the few existing Cloverly specimens, I have referred them to Marsh's genus until more data are available.
T h e occurrence of ornithomimid remains in the Cloverly Formation may come as
a surprise, but Gilmore (1919, 1920, 1921) established the probable existence of
omithomimids in North America by Early Cretaceous times in his analysis of the
collections from Arundel Formation of Maryland. He (1920) designated as co-types
of Ornithomimus affinis several isolated foot bones ( U S N M 5703, 5704, 5453, 5684,
8456) that Marsh (1888) had designated as co-types of Allosaurus medius and that
Lull (1911) transferred to the Orthopoda ( = Ornithopoda) as Dryosaurus grandis.
As Gilmore demonstrated (1920), these bones are not ornithopod and they do not
compare closely to the corresponding elements of Allosaurus.

CLOVERLY FORMATION, STRATIGRAPHY AND PALEONTOLOGY

69

PFAMILY M E G A L O S A U R I D A E Huxley, 1870
Plate 10: N
REFERRED SPECIMENS : Isolated teeth of medium to large size (YPM 5369, 5377, 5378,
5379) ; a single dorsal vertebra (YPM 5285) ; a metatarsal fragment (YPM 4 8 8 5 ) ; a
dorsal neural arch (YPM 5408); an angular (YPM 5538).
LOCALITIES: Y P M 62-6, 63-16, 63-18, 63-19, 64-3, 64-59.
HORIZONS: Units V, V I and V I I , Cloverly Formation.
DESCRIPTION: Teeth. The few teeth represented in the present collections are of medium and large size (27, 29, 71 and 8 0 + mm in height). The moderate-sized teeth
are significantly larger than the largest teeth of Deinonychus, but most important,
none have the pronounced size discrepancy between denticles of anterior and posterior
serrations. All are transversely compressed, slightly curved, narrowly tapered blades
that are not significantly different from megalosaurid or tyrannosaurid teeth. The
much larger teeth in all probability represent another larger species, but neither of
these probable taxa can be defined on present materials.
A metatarsal (YPM 4885) is represented by a fragment of the distal extremity that
I tentatively refer to the Megalosauridae. T h e only lateral surface preserved is marked
by a deep oval, collateral ligament fossa. T h e incomplete trochlear .surface is only
slightly grooved and not strongly ginglymoid. Both of these features compare closely
with those of the third metatarsal of Allosaurus, but not Deinonychus or Ornithomimus. T h e fragment measures 48 mm in its greatest (incomplete) height, and the distal
width probably approached 50 mm.
Vertebra, A solitary dorsal vertebra (Fig. 6) collected at Y P M 64-59, from the
upper part of Unit V, compares reasonably well with middorsals of Allosaurus, with
the exception that it is not as narrow-waisted as the latter and the neural spine is
unique. T h e centrum is constricted laterally and ventrally, and the ends flare out
broadly, as in all large theropods. T h e anterior centrum face is slightly concave, the
posterior face is moderately concave. Both ends are nearly circular with vertical and
horizontal diameters equal and only slightly less than centrum length (103 m m ) .
These features suggest an anterior dorsal, if we can extrapolate from centrum heightlength and the form of centrum faces in Allosaurus, Ceratosaurus and Acrocanthosaurus. There are no pleurocoels and in this feature Y P M 5285 resembles dorsal vertebrae of Allosaurus and Megalosaurus and is distinct from most other large theropods,
including Acrocanthosaurus, although the dorsal series is not completely preserved in
the type specimen of the latter.
T h e neural arch is distorted and the diapophyses are incomplete, but the basic
form and dimensions are preserved. Most distinctive is the neural spine which is nearly
complete with the summit, anterior and posterior margins intact. T h e low and robust
bladelike neural process expands upward, the longitudinal length at the summit being nearly twice that of the spine base (8 cm vs 4.5 c m ) . T h e anterior and posterior
margins are heavily rugose over their entire lengths, marking the attachment of thick,
strong interspinous ligaments. The spine crest is rounded transversely and nearly
straight longitudinally. The summit is not expanded transversely as in all other large
theropods, but the spine does expand near the anterior and posterior margins; conse-
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FIG. 6. Reconstruction of an indeterminate theropod dorsal vertebra in lateral (A) and posterior
(B) views.

quently, the spine is thin near the center of the blade and thickest at the anterior and
posterior edges. Maximum height of the neural spine is about 9 cm, or less than centrum
length. T h e diapophyses appear to have been thin blades about 6 cm wide that flared
out, up and back at perhaps 20° to the horizontal. The zygapophyses are small (2 cm
long), close to the midline and the facets are inclined at about 45°. T h e arch pedicels
are robust and low, extending the full length of the centrum.
DISCUSSION: None of these specimens is adequate for generic assignment, but they
clearly establish the presence of moderate- and large-sized theropods in the Cloverly
fauna. Reference to the Megalosauridae may be debatable in view of the fragmentary
nature of the remains, but bona fide tyrannosaurid remains are known only from Late
Cretaceous strata. Further support of this assignment is the nonpleurocoelous condition of Y P M 5285, an apparently rare condition in large theropods that is known only
in a few megalosaurids (Allosaurus and
Megalosaurus).
T h e vertebra is distinct from known dorsals of Acrocanthosaurus atokensis from
the Trinity Formation of Oklahoma in the absence of pleurocoels, in the circular and
more concave faces of the centrum and the normal neural spines of A. atokensis. It
cannot be compared with the type of Dryptosaurus? potens (Creosaurus potens Lull,
1911) from the Arundel Formation of Maryland (see Gilmore, 1921 and page 126 of
this report), an anterior caudal centrum ( U S N M 3049). However, the fact that the
latter is not deeply constricted laterally and ventrally suggests that the dorsals may
have had similar form and thus have been distinct from the present specimen.
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FAMILY C O E L U R I D A E Marsh, 1881
Microvenator, new genus
ETYMOLOGY: Mikros (Greek), small, and venator (Latin; masculine), hunter.
TYPE SPECIES : Microvenator

celer, new species.

DIAGNOSIS : Same as that of the type and only species.

Microvenator celer, new species
Plate 1 1 : L-N; Plate 12: A-P; Plate 13: A-E
ETYMOLOGY: Microvenator celer, (Latin), swift, in reference to the probable rapidrunning capabilities indicated by the tibia-femur ratio.
TYPE SPECIMEN: A M N H 3041, a partial skeleton, lacking the skull.
TYPE LOCALITY: A M N H 33-1, SW y4 Sec. 26, T.7 N., R.16 E., Wheatland County,
Montana.
HORIZON: Unit V I I , 60 feet (18 m) below Unit V U I , Cloverly Formation.
REFERRED S P E C I M E N S : Y P M

5366?.

LOCALITIES: Y P M 63-19.

DISTRIBUTION: Unit V I I ( ? ) , Cloverly Formation, central Montana and northern
Wyoming.
DIAGNOSIS: Very small, delicately built coelurid with hollow thin-walled vertebrae
and limb bones. Cervicals without neural spines and with double pleurocels. Dorsal
neural arches low and highly sculpted, neural spines low and rectangular, postzygapophyses far behind posterior border of centrum. Astragalus with very high and
broad ascending process. Pubis profile concave anteriorly, distal extremities only moderately expanded. Femur with short but prominent lesser trochanter and a depression
at site of fourth trochanter. Approximately one half to two thirds the size of Ornitholestes or Coelurus.
DESCRIPTION : Skull. A number of thin and extremely delicate fragments are all that
are preserved of the skull. Most of these are not identifiable, but those that are include
a right palatine, both quadrates, both postorbitals (?) and a right prearticular (?). The
incomplete palatine is triangular. T h e anterior margin preserves the broad posterior
limits of the choana between the maxillary and pterygoidal processes. The posterior portion is missing, but the inner margin appears to be intact and suggests the presence of
a subsidiary palatal fenestra between the palatine and the pterygoid, as in Deinonychus and Ornithosuchus. Maximum dimensions are 32.5 m m in length and 23 m m in
width.
T h e fragments identified as postorbitals are robust and moderately curved. T h e
external surface is strongly convex, the inner slightly concave. There appears to be no
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ornamentation, sculpture or rugose texture. T h e extremities are missing in both fragments. T h e quadrates are not complete, the pterygoid wing being absent in both and
the upper and lower extremities somewhat abraded. T h e lower extremity is triangular
in outline and quite robust. T h e anterior surface is deeply concave and bordered by
sharp lateral and medial crests, the latter presumably continued as the pterygoid wing.
T h e upper extremity is a thin blade apparently oriented in a near parasagittal plane.
Contact with the squamosal appears to have been of an overlapping, squamose union.
Preserved lengths of the quadrates are 22 and 23 mm, but original length was probably
30 m m or more.
Axial skeleton. T h e vertebral count is not known. Sixteen presacral neural arches
are preserved, plus 10 presacral centra or centra fragments (PI. 11: L-N; 12: A - F ) . O n e
of the latter is the axis centrum, for which no arch is present. Thus at least 17 presacral segments are represented. A normal presacral count of 23 is assumed. Only
three centra and four neural arches are clearly recognizable as cervicals. T h e remainder appear to be dorsals. All presacral centra are pleurocoelous. T h e cervicals have
one large lateral cavity in the anterior half and a smaller one behind at near midlength of the centrum. T h e dorsals have a single, smaller pleurocoel on the lateral
centrum surface at midlength. T h e cervicals appear to have been opisthocoelus and
the centra were moderately to strongly angled as in Deinonychus, but the centra are
longer relative to height and width than in Deinonychus. In this latter character they
are more like cervicals of Coelurus (YPM 2010). Lengths and widths of the axis and
other cervical centra are: 14 by 7.5 mm, 15 by 10 m m and 15 by 10.5 mm. T h e cervical
neural arches are broad and low with long zygapophyses flaring out anteriorly and
posteriorly in a nearly horizontal plane. T h e articular facets are widely separated (15
mm or more) and appear to have been inclined at 30 to 45° to the horizontal. T h e
postzygapophyses lie far behind (6 mm) the posterior end of the centrum. None of
the cervical neural arches show any indication of a significant neural spine, a very low
ridge being the only evidence preserved.
T h e dorsal vertebrae are platycoelous with moderately constricted lateral and ventral surfaces of the centra. Centrum length varies from about 13 m m to 16 mm, but
width and height increase from about 9 m m (anteriorly?) to 15 by 10 m m (posteriorly? ). T h e neural arches are of moderate height, quite robust and intricately sculptured. The pedicels and transverse processes are constructed of various struts and
ridges separated by numerous deep cavities. T h e transverse processes appear to have
been short (total arch width is 17 to 20 mm) and extended directly lateral in a horizontal plane. A short, robust, rectangular neural spine rises vertically directly above
the centrum. Spine height varies from 6 mm to 15 m m in the dorsal arches preserved.
Articular facets lie close to the sagittal plane but are inclined at approximately 4 5 ° .
T h e posterior facets are situated far behind the pedicels (8 m m ) , whereas the prezygapophyses are placed directly above the anterior limits of the neural arch pedicels.
Several arches appear to show remnants of hyposphene-hypantrum articulations.
T h e sacrum is represented by a broad, shallow centrum approximately 15 m m
long. It appears to have been greatly distorted, although it may originally have been
more compressed than the other centra. Caudal vertebrae are represented by nine centra, some with arches, and three additional neural arches. All are platycoelous and are
moderately constricted near midlength. None have pleurocels. Proximal caudal centra
show evidence of stout transverse processes projecting out from the middle or anterior

CLOVERLY FORMATION, STRATIGRAPHY AND PALEONTOLOGY

73

part of the lateral surfaces. Most appear to be compressed dorsoventrally so that centrum width is nearly double the height, and the centra faces are thin, horizontal ovals.
Centrum length varies from 12 mm to less than 9 mm in the caudal vertebrae available.
Appendicular skeleton. T h e scapula is not known, but a nearly complete right
coracoid is present. This is an extremely thin sheet of bone nearly semicircular in outline. Proximally it expands into a stout ridge that forms the anterior limit of the
glenoid. T h e posterior margin is thickened slightly, but otherwise shows no evidence
of sutural or even solid contact with the scapula. T h e coracoid measures 32 mm in
greatest vertical dimension and 25.5 m m in length.
T h e fore limb is represented by the left humerus, radius and ulna, a fragment of
the right ulna and six elements from the left manus (see Plate 12: G-J, and L ) . The
humerus is slender and rather straight. T h e head is small and projects backward almost at right angles to the long axis of the distal condyles. A small internal tuberosity
borders the head medially and a large deltopectoral crest projects anteroexternally
along the upper third of the humeral shaft. Although postmortem distortion may have
contributed to the present form, the deltopectoral crest projects much more laterally
and far less anteriorly than is usual in small theropods. In Coelophysis, Coelurus,
Ornithomimus and Deinonychus, for example, this crest projects forward almost parallel to the plane of flexion at the elbow. In the present specimen, it extends at approximately 45° to that plane. The distal extremity is slightly crushed but the radial
condyle appears to have been the larger of the two. Humerus dimensions are: length 81.5 m m ; width across deltopectoral c r e s t - 2 1 m m ; greatest distal d i m e n s i o n - 1 3
m m ; minimum shaft diameter - 6 mm.
The ulna is a very slender and delicate bone; the shaft has moderate curvature
convex externally, and measures 78 m m in length and 3.5 mm in minimum diameter.
T h e proximal end is expanded anteroposteriorly (8.3 mm) and the surface is inclined
medially. T h e distal extremity is also expanded (9.4 mm) anteroposteriorly. T h e radius is also very delicate and slender, with a nearly straight uniform cylindrical shaft
3.5 to 4.5 mm in diameter. Neither end is intact so original length is not known, but it
probably did not greatly exceed the preserved length of 75 mm. Both extremities seem
to have been at least slightly expanded.
T h e manus is represented by six elements: metacarpal I, the penultimate phalanx
of digit II, the distal end of an indeterminate phalanx and three claws of different
sizes, presumably representing digits I, I I and I I I . Judging from the lengths of the
complete phalanx and the claws, metacarpal I appears to have been of normal theropod proportions and not elongated as in ornithomimids. However, it does seem relatively longer (17.5 mm) and more slender (2.5 mm) in construction than do those of
most theropods. T h e proximal end is triangular, slightly twisted relative to the distal
ginglymus and has a large external appositional scar for contact with the second metacarpal. T h e complete phalanx would seem to be too long (34 mm) relative to metacarpal I to be any other phalanx except the second of digit II, but this must remain a
tentative identification. The claws are thin and trenchant, and strongly curved. The
largest (II?) measures 25 mm long and 3.5 mm in maximum thickness. The others
measure 19 by 2 m m and 11 by 3.4 m m and probably belong to the first and third digits
respectively (see Plate 12: N - P ) .
T h e pelvis is represented by fragments of both ilia and ischia and nearly complete
pubes (Plate 12: K and M ) . T h e left ilium consists of the anterior process, the pubic
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A M N H 619
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Least diameter of shaft
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Least diameter of shaft
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6

—
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Length of metacarpal I
Length of phalanx II-2
Length of largest claw
Measurements in millimeters
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8.0
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and ischiac peduncles and the acetabular border. T h e major part of the iliac blade
and posterior process are missing. T h e right ilium is represented only by the pubic
peduncle and part of the anterior process. T h e latter is relatively short and deep and
extremely thin. A thin medial ridge extends dorsoanteriorly along the internal surface
from the pubic peduncle. A rugose scar occurs just above the latter marking the point
of contact with the first sacral rib. T h e peduncles are quite robust considering the millimeter or less thickness of the iliac blade. T h e upper margin of the acetabulum is
thickened (7 m m or m o r e ) , reaching a maximum thickness midway between the pubic
peduncle and the midpoint of the iliac acetabular margin, which suggests that the principal weight-bearing axis from femur to ilium was oblique to the long axis of the ilium.
T h e ischia are represented by the pubic peduncle of the right ischium and a midshaft section of the left, neither of which provides much information as to the size and
form of these bones. The latter indicates a bladelike form measuring 8 m m wide and
3 m m thick. T h e pubes have robust proximal ends for junction with the ilia and stout,
slightly curved, rodlike shafts that are transversely expanded in their distal halves.
Distally, the pubes are expanded in the parasagittal dimension, both vertically and
longitudinally, although they do not appear to have been expanded to the extent seen
in Ornithomimus
altus ( A M N H 5339) or Coelurus agilis (YPM 2010). Length of
the pubis is approximately 118 mm.
Both femora are well preserved and undistorted (Plate 13: A and B ) . Both show
moderate curvature and subcylindrical shafts of 10 m m minimum diameter. T h e head
is subspherical and sharply offset from the shaft. A prominent greater trochanter extends slightly above the head and is widely separated from the latter by a deep notch.
A short lesser trochanter projects posterolaterally as a sharply defined crest well below
the summit of the greater trochanter. T h e lesser trochanter is more prominent than in
any other theropod with which I am familiar. T h e fourth trochanter is absent; in its
place is a distinct, elongate, oval depression well below the head on the inner posterior
aspect of the shaft. Distally the femur expands into two distinct, convex condyles of
subequal size separated by a broad, deep groove. T h e two femora are much shorter
than the tibia, measuring 124 and 122.5 m m compared with 157 m m for the left tibia.
T h e tibia is a long, straight-shafted bone apparently oval in cross-section. T h e
proximal end is expanded anteroposteriorly and distally it is expanded transversely. A
conspicuous, thin cnemial crest projects laterally about one fourth of the way down
the shaft. Only the expanded proximal end of the left fibula is preserved. T h e fibula
may have been incomplete in life, limited to just a proximal head and tapered shaft
less than one third of tibia length. This is suggested by the delicate nature of the thinly
tapered incomplete extremity of the fibula fragment, plus the absence of any appositional scar for the fibula along the distal external surfaces of the tibia (Plate 13: C,
D andE).
T h e astragalus extends the full width of the tibial distal extremity with only a
small recess marking the site of a minute chiplike calcaneum. T h e calcaneum itself is
missing, but any contact with the fibula, appears to have been weak. T h e ascending
astragalar process is incomplete, but that portion preserved rises more than 27 m m
above the distal astragalus surface, and appears to be a relatively much longer process
than is characteristic of other theropods.
DISCUSSION : Microvenator

was about the size of a small turkey, approximately twice

76

PEABODY MUSEUM BULLETIN 35

the size of Compsognathus. It is one of the smallest known theropods. T h e possibility
exists that the remains are those of a juvenile, but the preserved bones are all well
formed, and in my opinion are those of an adult individual. Many of the sutures between neural arches and centra had not fused, but some in the caudal series and posterior dorsals appear to be closed. However, I am not convinced that open vertebral
sutures have any ontogenetic significance.
Microvenator is distinct from Segisaurus in its hollow limb bones and vertebrae,
from hallopids in its large manus and the absence of cervical spines, and from podokesaurids by the long ascending astragalar process. T h e remains resemble most closely
those of Coelurus and Ornitholestes, particularly in the hollow, thin-walled and sculptured construction of cervical and dorsal vertebrae. They differ from Coelurus and
Ornitholestes, though, in the form of dorsal and cervical neural arches, the absence of
cervical neural spines and the moderate expansion of the distal end of the pubis.
Microvenator resembles Compsognathus in the femur-tibia ratio, the lack of neural
cervical spines and in the form of the manus unguals, but the fore limb of Microvenator is relatively much longer—almost equal to tibia length as in
Struthiomimus
altus ( = : Ornithomimus)—compared
to the short ( 7 5 % of tibia length) fore limb of
Compsognathus.
Microvenator may be distinguished from the dromaeosaurids in the form and
greater relative lengths of cervical and dorsal vertebrae, the much smaller internal
tuberosity of the humerus, the long ascending process of the astragalus, the elongated,
rodlike form of the pubes and the morphology of the manus, particularly the first
metacarpal and unguals. Accordingly Microvenator seems most closely allied with
Compsognathus, Ornitholestes and Coelurus and is placed in the Coeluridae.
Associated with the type specimen were 25 teeth of the Deinonychus type which
Barnum Brown believed belonged to this specimen. There has been doubt in some
minds that the teeth belong to the same individual because they are three to four times
the size expected in an animal of these dimensions. Because of the extraordinarily
large size of the associated teeth, this specimen has been known informally in conversation by the name "Megadontosaurus".
Without exception, the 25 associated teeth duplicate in size and form the teeth found with the type of Deinonychus
antirrhopus.
T h e most significant character, however, is the pronounced discrepancy in the size of
anterior and posterior tooth serrations, a trait that currently is known only in Deinonychus and Velociraptor. Conclusive evidence is not available, but on the basis of
tooth form which is identical to that of another, clearly distinguishable contemporary
species, plus the high improbability of such relatively enormous teeth occurring in
such a small animal, I here refer these teeth to Deinonychus antirrhopus. At present,
however, they are still catalogued with the Microvenator remains under A M N H 3041.

SUBORDER S A U R O P O D O M O R P H A
INFRAORDER S A U R O P O D A

T h e present state of sauropod systematics is one of disorder and confusion—to put it
mildly. T h e reasons are rather obvious. T h e materials are large and difficult to handle,
there are very few complete specimens and the great majority of species have been
founded on incomplete and nondiagnostic fragments. A critical, modern revision is

CLOVERLY FORMATION, STRATIGRAPHY AND PALEONTOLOGY

77

sorely needed, but it seems unlikely that one will be forthcoming in the near future.
Recent practice has been to divide the Sauropoda into two family groups (Bothrosauropodidae and Homalosauropodidae of von Huene [1956]; or Brachiosauridae and
Titanosauridae of Romer [1956]) or simply to recognize some six or eight categories
of equivalent rank as Lapparent and Lavocat (1955) did. Because most of the taxa
referred to any of these categories are based on fragmentary material, few are firmly
established and the suprageneric categories are rather loosely defined. Accordingly, the
fragmentary Gloverly sauropod remains are only tentatively assigned.
Isolated sauropod teeth, limb bones and vertebral fragments were found at a number of sites, but the most important collections were made at three Yale quarries
(YPM 63-16, 63-18, and 63-19) near Crooked Creek, Wyoming. Y P M 63-18 produced a number of limb and pelvic elements and seven vertebrae that were closely
associated and these are presumed to be from a single individual (YPM 5449) and
are described first. All other sauropod remains were sufficiently isolated from other
sauropod elements within and between various quarries that they have been treated
independently and catalogued as separate specimens. These last materials are described separately.
?FAMILY T I T A N O S A U R I D A E Lydekker, 1893
Plate 13: F and G; Plate 14: A-D and F-H
REFERRED S P E C I M E N S : Y P M

4888, 5103,

5104,

5107,

5116,

5147,

5151,

5152,

5116,

isolated vertebrae; Y P M 5449, associated vertebrae, limb and pelvic elements; Y P M
5329, 5450, 5451, 5452, isolated limb bones; Y P M 5347, 5349, 5360, 5365, 5374, 5375,
5419, 5453, 5454, 5455, isolated teeth. A M N H 3042.
LOCALITIES:YPM 62-10, 62-14, 63-16, 63-18, 63-19, 64-3, 64-39. A M N H 33-2.
HORIZONS : Units V, V I and V I I , Cloverly Formation.
DESCRIPTION : Y P M 5449—The items catalogued under Y P M 5449 include the only
closely associated sauropod material collected by Yale personnel from the Cloverly
Formation and, because it includes vertebral and appendicular elements, it is the most
important of the referred material and is described first. T h e possibility exists that
these bones do not all belong to the same individual, but they were so closely associated—in some instances in contact—that this seems a remote possibility. T h e additional fact that all seven vertebrae are dorsals and were associated with two ischia and
an ulna strengthens the supposition. All of the materials are distorted and incomplete;
consequently, dimensions listed are only approximate and the following descriptions
are based on several vertebrae.
Dorsal vertebrae. Two distinctly different types of vertebrae are present in Y P M
5449; these are interpreted here as anterior and posterior dorsals (Plate 13: F and G ) .
Both are strongly opisthocoelous and neither seems to have a divided or double neural
spine. T h e anterior dorsals are characterized by large centra that are constricted at
midlength laterally and ventrally, centra width is greater than centra height or length,
and the zygapophyseal facets are far apart and lack hyposphene-hypantrum. T h e lateral surfaces are marked by small, deep, oval cavities or pleurocoels. T h e neural spine
rises vertically as a single, robust, transversely expanded blade. Although none are
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complete, there is no evidence that any of the neural spines were divided. T h e transverse processes or diapophyses extend laterally and slightly upward as vertically expanded blades. T h e proximal parts of these are moderately excavated ventrally, posteriorly and anteriorly. On one of these anterior dorsals the parapophyses occur on the
centrum, and this presumably is one of the first three dorsals. A second anterior dorsal
lacks most of the centrum and the third shows no sign of the parapophysis either on
the centrum or on the arch.
T h e four posterior dorsals, which were closely associated with the dorsals described
above, are also strongly opisthocoelous and have large, oval pleurocoels high on the
lateral walls of the centra. T h e centra are nearly circular in end view and 50 to 80 percent longer than the greatest diameter. A surprising feature is that the greatest diameters of the centra are significantly less than those of the associated anterior centra, a
condition that has not been reported in any other sauropod. Although distorted and
incomplete, the zygapophyseal facets are close to the midline and appear to have been
oriented at about 45°. Two of the vertebrae show remnants of what I presume to be
the hyposphene. None of the neural spines are well preserved, but they also appear to
have been undivided and expanded longitudinally as well as transversely. Two vertebrae clearly show the neural spine inclined backward at about 30° to the vertical,
but this may be the result of distortion. T h e neural arches are long and rather
high and the pedicels are deeply excavated laterally by three complex cavities. Above
the diapophysis, the base of the neural spine is similarly excavated by two deep and
complex cavities. T h e excavations are generally similar in position and shape to those
described in Camarasaurus, Apatosaurus, Diplodocus and others, but differ in details.
Osborn's terminology may be applied to these excavations (infraprezygapophyseal cavity, infradiapophyseal cavity, and infrapostzygapophyseal cavity for those on the neural arch pedicels, and supraprezygapophyseal cavity and suprapostzygapophyseal cavity for those on the neural spine). These cavities are separated by prominent bony
struts or lamina to which Osborn applied specific terms (i.e., infradiapophyseal lamina) . T h e present material does not permit close detailed comparison of neural arch
structure with other described material. However, within at least some of the neural
arch excavations, there are complex "sub-cavities" separated by very delicate laminae.
T h e diapophyses are not complete in any of the present vertebrae, but they may
have been shorter and more steeply inclined than those of the anterior dorsals. A solitary vertebra (YPM 5147) from an adjacent quarry at Y P M 63-19, approximately
8 meters distant, corresponds to the last described vertebra in all respects, except that
the centrum is longer relative to width or height, and the neural arch appears to be
correspondingly elongated. The great length of the centrum is reminiscent of cervical
vertebrae. Precise dimensions are not available due to the distorted and incomplete
condition of this vertebra, and the parapophyseal region is incomplete. However, the
great height of the neural arch and the close spacing of the zygapophyseal facets indicate this to be a posterior dorsal, rather than a cervical, but exactly which segment is
not known.
Although smaller than those of most well-known sauropod species, the present vertebrae appear to be more extensively excavated than most, and on this character alone
would seem to be excluded from the Cetiosauridae. Most significant of all, however,
is the solitary or undivided form of the neural spine, especially of the anterior dorsals.
Double, or split, neural spines are characteristic of the cervical and anterior dorsal

CLOVERLY FORMATION, STRATIGRAPHY AND PALEONTOLOGY

79

TABLE 2. Approximate dimensions of sauropod dorsal vertebrae (in centimeters).
YPM5449 Vertebrae*
A

YPM5147

B

G

D

E

F

22 +

13±

17.5

10±

14.5

14±

16.5

10

17.5

13

—
—
—

16±

18.5

12?

19

28

10

12+

11

11.5

8.5

9

6±

9

12

2±

1±

Greatest width of zygapophyseal
facets

17 +

18+

24

9±

Greatest width of diapophyses

64 ±

54

60+

—

—

—

—

Minimum tranverse width of
neural spine

—

8.5

Neural spine height above
neural canal

—

49+

—

34+

—

—

—

Greatest centrum width

20

Greatest centrum height

13

Greatest centrum length
Height of articular facets above
centrum
Tranverse separation of
zygapophyseal facets

—

28 +
2

13

13

*The exact segment number is indeterminate. Consequently, the various vertebrae have been designated by letter.

vertebrae of all sauropods except the Brachiosauridae and the Titanosauridae. T h e
present vertebrae differ from both brachiosaurid and titanosaurid vertebrae in the
greater diameter and length of anterior dorsal centra relative to posterior dorsal centra. They also differ in the presence of a large triangular infradiapophyseal cavity in
the neural arches of posterior dorsals. C. C. Young (1935) illustrated a series of posterior dorsal vertebrae of Euhelopus ( = Helopus) from China in which there appear
to be large triangular excavations beneath the diapophyses and above and between
the infraprezygapophyseal and infrapostzygaphyseal cavities. Young did not identify
or comment on the excavations, but this is the only sauropod material that I have been
able to discover that corresponds to the Cloverly specimens in this particular character.
Ischium. Closely associated with the above vertebrae were incomplete left and
right ischia, both of which lack the proximal portion. The ischium is a moderate-sized
bone with a broad, nearly parallel-edged blade that is expanded slightly transversely
and longitudinally at the extremity. The greatest preserved length is about 74 cm with
perhaps 10 or 15 cm missing from the proximal region. T h e narrowest part of the
blade measures about 15 cm by 4.5 cm in thickness at about midlength. T h e distal
extremity is slightly expanded to a breadth of 23 cm and a thickness of approximately
6 cm. The greatest proximal dimension is not known, nor is the nature or orientation
of the iliac peduncle.
T h e ischia are too incomplete to permit meaningful comparison with published
illustrations. They differ significantly, however, from the co-ossified ischia of Alamosaurus sanjuanensis (Gilmore, 1946), perhaps the best known North American Cretaceous titanosaurid (Fig. 7 ) .
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Sternal bone. An incomplete, thin plate of bone, suboval in shape and measuring
39 by 27 cm, was found directly beneath the left ischium. It has been catalogued with
the latter as Y P M 5449 and referred to the previously described vertebrae. The identity
of this bone is questionable, but it clearly is not part of either ischium or part of the
pubis or ilium. T h e margins are preserved on two sides and one end, and the shape of
this portion corresponds very closely to the anterior half of a right sternal bone, particularly that referred to Apatosaurus excelsus (YPM 1980) by Ostrom and Mcintosh
(1966). It is less robust than that element and approximately four fifths as large. This
bone is very different from the sternal bones of Alamosaurus which have a strongly
concave external margin.
Ulna. A left ulna was recovered close to the right ischium and is presumed to belong to the same individual. Although somewhat distorted by crushing, it is almost
complete and provides a reasonably close approximation to the original form. It is
straight and of rather slender proportions, measuring 60 cm in length, 26.5 cm in
greatest proximal width, 12 cm in distal width and 26.5 cm in minimum girth of the
shaft (Plate 14: D ) .
T h e ulna tapers gradually away from the proximal end, with the least diameter
just below midlength. T h e proximal flanges are well developed and broadly rounded,
the internal flange being the largest. These are separated by a rather deep radial
concavity.
T h e relatively slender proportions of the ulna are similar to those in Diplodocus or
Brachiosaurus, although the ulna of the latter is much longer relative to ischium length
than in the present specimen. This slenderness is in sharp contrast to the short massive
proportions in Camarasaurus and Apatosaurus.
DISCUSSION : Definitive evidence is not available for confident assignment of these
remains. T h e dorsal vertebrae are consistent with both titanosaurids and brachiosaurids, but the distinctive features of these two groups are in the cranial and appen-

\

I

FIG. 7. Outline of sauropod ischium associated with dorsal vertebrae of Plate 12.

CLOVERLY FORMATION, STRATIGRAPHY AND PALEONTOLOGY

81

TABLE 3. Dimensions (in centimeters) of sauropod caudal vertebrae.
YPM 5147

YPM 5199 YPM 5104

YPM 5103

YPM 4888

Centrum length

21 ( = 2 vertebrae)

12

10

10

Centrum height

17.5 and 15.5

14

11

8

10

Centrum width

25 and 21

18±

15.3

9.5

8

Total height

29.5 and 29

—

—

—

—

8±

dicular skeleton. T h e relatively thin, unexpanded ischium and the slender, but not
elongated ulna suggest titanosaurid rather than brachiosaurid affinities and I have
therefore tentatively referred Y P M 5449 to the Titanosauridae.
DESCRIPTION OF ADDITIONAL REFERRED MATERIAL: Vertebrae. A number of caudal ver-

tebrae were recovered from several sites, including both proximal and distal segments.
All are amphiplatyan and none possess pleurocoels. A distal caudal ( Y P M 5152) and
a proximal caudal ( Y P M 5116) were collected at Yale locality 63-18, and a pair of
co-ossified anterior caudals ( Y P M 5147) came from Y P M locality 63-19. T w o isolated anterior caudals (YPM 5199, 5104) from the latter quarry represent elements
from between the fourth and tenth caudal segments, judging from the caudals of
Camarasaurus. Each of these latter bones has short, low and broad centra, oval in
end view, and slightly constricted in lateral and ventral surfaces. Short, robust transverse processes project out and backward, slightly inclined to the horizontal in the
most anterior elements, and nearly horizontally in the two smaller vertebrae. T h e
neural arch is very low and is topped by a very short, robust, and rugose neural spine.
T h e neural arches are situated on the anterior halves of the centra and the prezygapophyses project well forward of the anterior face of the centrum. Distinct articular
facets for the chevron are present posteriorly on the ventral surface of the two smaller
vertebrae but not anteriorly. T h e two co-ossified caudals do not have chevron facets,
indicating that these may represent the first two caudal segments.
Two distal caudals ( Y P M 5103, 4888) are known. They show no evidence of
transverse processes, but both have low neural arches rising from the anterior half of
the centrum. T h e centrum length is greater than width or height. T h e centra are
constricted in lateral and ventral surfaces at midlength. No pleurocoels are present and
the chevron articular facets are faintly evident at the posterior centrum margin.
These vertebrae differ from other sauropod caudals in several features. T h e amphiplatyan, transverse oval centrum face is characteristic of Diplodocus, but the high
and robust neural arch at midlength of the centrum, with the downward-directed
transverse processes, exclude this genus. High neural arches and spines, circular centrum faces and pronounced chevron facets, anteriorly placed as well as posteriorly,
distinguish caudals of Camarasaurus, Apatosaurus, Haplocanthosaurus
and Brachiosaurus. Alamosaurus caudals are strongly procoelous, but the anterior position of the
neural arch and the forward extension of die prezygapophyses resemble the present
vertebrae. T h e closest resemblance I have been able to discover is a vertebra figured
by Owen (1859: PI. X ) as Cetiosaurus brevis—a sauropod proximal caudal from the
Wealden of Sussex, England.
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Questionable sauropod vertebra. When first exposed in the quarry at Y P M 63-18,
specimen Y P M 5294 was thought to be a limb bone, but it proved to be a vertebral
centrum of unusual proportions (Plate 15: A, B ) . T h e present length of 47 cm may
be slightly less than the original length, but the greatest diameter (12 cm) is probably
several centimeters greater than the original width. I would estimate the original maximum width at about 9 centimeters and maximum height about the same.
Although crushed the centrum appears to have been broadest at the ends and narrow near midlength. It is a strongly opisthocoelous (or procoelous?), and has long (20
cm or m o r e ) , narrow and deep pleurocoels situated near midlength. T h e ventral surface appears to have been flat, or perhaps slightly concave in the anterior (?) third.
T h e neural arch is missing, but broad sutural tracts are preserved on both sides of the
2 to 4 cm wide neural canal. These sutures extend nearly the full length of the centrum.
T h e inferior lateral surfaces of the anterior(?) half (if the centrum is opisthocoelous) bear thin, but long (anteroposteriorly) ridges, which extend laterally an unknown distance. T h e extremities of the lateral ridges are missing so the transverse
dimensions are not known, nor is their original attitude preserved. These ridges would
appear to be the basal or proximal portions of thin parapophyseal laminae. If so, then
this centrum would appear to be a cervical vertebra. Without the distal extremities of
these lateral ridges or the neural arch, no conclusion can be made, but the ridges are
remarkably thin (dorsoventrally), and I am not at all certain that they bore cervical ribs.
Although very different in its proportions, this centrum is best referred to the Sauropoda on the grounds that it is apparently opisthocoelous, it bears long pleurocoels
and is greatly elongated, as are many sauropod cervicals. If correctly interpreted as a
cervical, it most closely resembles the midcervicals of Diplodocus or Brachiosaurus in
its proportions, as the following ratios show:

Y P M 5294
Diplodocus
Brachiosaurus

Posterior Maximum Diameter/Length
0.25
0.21
0.27

However, the parapophyseal lamina is much more robust and not so elongated in
these two genera, and the pleurocoels are of more complex construction.
Despite its unusually narrow construction, this vertebra is of appropriate size for
equating with the dorsal vertebrae (YPM 5449) described above from the same
quarry (YPM 63-18). Because of its widely separated position in the quarry, though,
and its incompleteness, I am not able to certify the relationship.
Limb elements. An isolated femur, tibia, and humerus were collected at three adjacent Yale sites (Plate 14: A - C ) . These cannot be referred with certainty to the previous material, but there is a distinct possibility that all the remains represent a single
species. T h e femur (YPM 5451), a right, from Yale locality 63-18, is very large but
relatively slender. It is crushed and the proximal end is missing, but original length
must have been at least 1.5 meters. T h e preserved length is 126 cm, but the fourth
trochanter which is normally at midlength is 80 cm from the distal end. T h e crushed,
maximum proximal width is about 40 cm, approximately 40 cm above the very small
fourth trochanter. T h e greatest transverse, distal dimension is approximately 39 cm
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and the tibial or inner condyle is 20 cm in longitudinal dimension. T h e least breadth
of the shaft is 22 cm and the circumference at that point is 52 cm.
T h e tibia (YPM 5450), a left, from Yale locality 63-19, is also slightly crushed
but otherwise intact. There is a deep external excavation proximally for the fibula,
with a short, rounded cnemial crest descending for a short distance along the shaft.
Both the proximal end and the two condyles distally are moderately to strongly
rugose. T h e dimensions are as follows:
Length
Greatest proximal width
Distal transverse width
Least shaft width
Least circumference

98.5
24
21
13
32

cm
cm
cm
cm
cm

T h e humerus (YPM 5452), a right, from Yale locality 63-16, lacks the distal end,
but in general it is rather brachiosaur-like. The proximal end is greatly expanded (43
cm) compared with a midshaft diameter of 20.5 cm. The preserved length is 103 cm,
but the original length may have been as great as 130 cm. This estimate is based on
the position of the very prominent deltopectoral crest that extends almost 50 cm below
the proximal head, and the distal limit of the deltopectoral crest in Brachiosaurus
(approximately 3 8 % of humerus length). T h e analogy with this genus is based on the
very broad nature of the proximal end, the long and relatively slender shaft, the nearly
straight external margin and the fact that the deltopectoral crest is not a continuous
ridge extending from the proximal end, but is a restricted projection. The least circumference of the shaft is approximately 51 cm.
Teeth. A total of 13 isolated teeth were recovered from several of the Yale localities. All are of one kind, which is best described as nonspatulate, Pleurocoelus or
Astrodon type. Within the collection there is a considerable range in size, but very
little variation in tooth form. T h e root is long, cylindrical and untapered and of about
the same diameter as the crown; the crown is subcylindrical, being slightly flattened
on one side (the inner side?) and more convex on the other. In some specimens these
opposite surfaces extend straight to the bluntly tapered apex, but in others they are
slightly twisted so that in crown view the entire crown appears twisted. T h e crown
also tapers asymmetrically so the apex lies closer to one margin (the anterior?) than
the other. T h e enamel is faintly wrinkled on unworn teeth, but there are no serrations
or rugae along the two vertical ridges that separate labial and lingual surfaces of the
crown. There is moderate variation in the degree of asymmetry. In some crowns the
apex is near the tooth central axis and there is little or no twisting. Most teeth are
nearly straight, with almost no lingual curve to the crown. A few, however, show a
pronounced medial curvature of the crown. T h e roots are never complete, but the
crown height appears to be quite constant relative to the basal crown's least diameter,
with the height almost exactly four times that diameter. T h e largest tooth measured
28 mm in crown height by 7 mm in least diameter. The smallest is 11 mm long by
3.8 mm basal diameter.
The striking similarity of these teeth to the type of Astrodon johnstoni (YPM 798)
and the numerous teeth referred to Pleurocoelus from the Arundel Formation of
Maryland is evident in Plate 14. Astrodon is slightly larger (40 mm high and 10.3 m m
in basal diameter) than the largest tooth from the Cloverly Formation, and the crown
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is somewhat less convex on the lingual side and curves inward more than any of the
Gloverly teeth. Otherwise the resemblances are very close. Although there seems to
be a little more variation of tooth morphology in the somewhat larger Arundel sample, the majority are small (under 20 mm in crown height), not strongly curved and
not markedly asymmetrical—as is true of the Cloverly sample. The range of variation
in the ratio of crown height to basal crown diameter is the same for both samples
(0.24 to 0.29) with most teeth having a ratio of 0.25 or 0.26.
T h e absence of large spatulate Camarasaurus-type teeth in the Cloverly is not conclusive, but it is quite probable that the Astrodon-type teeth and the various postcranial sauropod remains represent a single species. This is reinforced by the fact that
several of these teeth were found at Yale locality 63-18, associated with postcranial
remains described above.
DISCUSSION : T h e first notice of the distinctive tooth type described above was by a Dr.
Christopher Johnston (1859), who referred to a reptilian tooth from an iron ore bed
(Arundel Formation) near Bladensburg, Maryland. He gave it the name Astrodon
but did not describe it. Leidy (1865) described the tooth as Astrodon johnstoni, referring it to the Sauropoda. Subsequently Marsh (1888) established two other Arundel species of sauropod (Pleurocoelus nanus and Pleurocoelus altus) on isolated postcranial elements. Hatcher (1903) synonymized Pleurocoelus nanus (a cervical
centrum) with Astrodon johnstoni, and Gilmore (1921) assigned all the Arundel
sauropod remains to the genus Astrodon. Lull (1911a) recognized the probable synonymy of Astrodon and Pleurocoelus, but rather than equating P. nanus and A. johnstoni he suggested that P. altus (a tibia and partial fibula) was synonymous with A.
johnstoni. He concluded: " I t seems preferable, however, in view of the rarity of the
remains to let the matter rest in abeyance until further proof is obtained." Further
proof has not been obtained, the question is still unresolved, and I suspect it will always be so.
Sauropod teeth seem to be of two general types, large spatulate and small, cylindrical, nonspatulate form. There is some variation in each, both in size and in form,
even within a single individual. At present, though, there seems to be no reliable means
of identifying specific or even generic taxa from isolated teeth. T h e large spatulate
Camarasaurus-type teeth have relatively short crowns (ratio of crown height to basal
crown diameter ranges from 0.30 to 0.42, with the mean approximately 0.36), and
the crown is significantly broader (longitudinally) than the root. T h e lingual crown
face is planar or moderately concave, and the unworn apex or crest is broadly rounded
rather than tapered. Such features are distinct from those of an Astrodon-type tooth,
but are these differences ontogenetic or taxonomic? Is the Astrodon or Pleurocoelustype tooth merely a juvenile or immature stage in the development of the spatulate
Camarasaurus tooth? T h e absence of any of the latter teeth in the Arundel, Cloverly
or Wealden Formations, which have produced numerous examples of Astrodon or
Pleurocoelus-type teeth, would seem to suggest a taxonomic distinction, but indisputable evidence is still wanting.
I am inclined to agree with Hatcher, Lull and Gilmore on the probable relationships of sauropod teeth and postcranial elements from the Arundel Formation. I think
the same may be true of the sauropod materials from the Cloverly Formation. However, in the absence of any conclusive evidence, I consider the name Astrodon John-
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stoni as applicable only to the type specimen and similar teeth from the Arundel Formation, and Pleurocoelus nanus and P. altus as pertaining to certain postcranial
remains from the same unit. T h e Gloverly sauropod remains are for the most part
isolated and inadequate for the foundation of specific taxa. Vertebral and dental morphology indicate that these materials are best referred to Titanosauridae.
In 1917, Mook described a partial skeleton ( A M N H 5855) that he referred to
Diplodocus. This specimen, consisting of nearly complete fore and hind limbs lacking the feet, h a d been collected by Barnum Brown in 1903 "at Horse Coulee 30 miles
[48 km] east of Pryor, Montana." No other locality or stratigraphic data are available,
but the fact that these represent the most complete sauropod remains known from within
the study area warrants some comment here. A specific identification is not possible, but
I believe the reference to Diplodocus is correct. T h e limb proportions compare well
with those of other Diplodocus specimens and the oblique orientation of the transverse scapular expansion is unique to that genus. Each limb element is significantly
smaller than that in any of the Yale specimens, and the proportions do not compare
closely with the latter. Photographs on file at the American Museum show the specimen in situ, but I was unable to relocate the site from these. However, I suspect that
the specimen was recovered from Unit I I I (Morrison Formation) and not from the
Cloverly Formation. Extensive exposures of Unit I I I occur in the area of Horse Coulee
southwest of the Yale localities (Locality M a p V ) and the terrain there corresponds
in a general way with that shown in the American Museum photographs.

ORDER O R N I T H I S C H I A
SUBORDER O R N I T H O P O D A

FAMILY I G U A N O D O N T I D A E Marsh, 1895
T e n o n t o s a u r u s , new genus
ETYMOLOGY: Tenon (Greek; masculine), sinew, in reference to ossified tendons along
the vertebral column, and sauros (Greek; masculine), lizard.
TYPE SPECIES : Tenontosaurus

tilletti, new species.

DIAGNOSIS : Same as that of the type and only species.
T e n o n t o s a u r u s tilletti, new species
Plates 1 6 , 1 7 , 1 8 , 1 9 , 20 and 21
ETYMOLOGY: Tenontosaurus tilletti; named for the Lloyd Tillett family of Lovell,
Wyoming, to whom we are indebted for assistance and hospitality extended to our
field parties.
TYPE SPECIMEN : A M N H 3040, a partial skeleton, lacking skull and fore limbs.
PARATYPES: P U 16338, a partial skeleton; Y P M 5456, fine skull and partial skeleton.
TYPE LOCALITY: A M N H 33-1, SW / 4 Sec. 26, T.7 N., R.16 E., Wheatland County,
Montana. Unit V I I , 60 feet (18 m ) below Unit V I I I , Cloverly Formation.
PARATYPE LOCALITIES: P U 48-1, T.6 N., R.15 or 16 E., Wheatland County, Montana
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(exact location and stratigraphic position unknown). Y P M 64-37, N W }4 Sec. 24,
T.5 S., R.28 E., Big Horn County, Montana.
REFERRED SPECIMENS: Partial skeletons ( Y P M 5457, 5458, 5459, 5460, 5461, 5462,
5466, 5478; A M N H 3010, 3011, 3012, 3013, 3014, 3017, 3031, 3034, 3043, 3061,
3062, 3063; O U 1 1 ; P U 16514; and BB 1 ) ; skull and jaw fragments ( Y P M 5471,
5472; O U 8-0-52).
ADDITIONAL REFERRED SPECIMENS: Y P M 4882, 5117, 5195, 5299, 5410, 5411, 5413,

5416, 5417, 5421, 5422, 5424, 5426, 5427, 5428, 5463, 5464, 5465, 5467, 5468, 5469,
5470, 5473, 5474, 5475, 5476, 5477, 5479, 5480, 5481, 5482, 5483, 5523, 5533, 5534,
5535; A M N H 3020, 3044, 3045, 3050, 5854; O U 12.
LOCALITIES: A M N H 03-29, 31-3, 31-4, 31-5, 31-6, 31-7, 31-8, 31-10, 32-2, 32-5, 33-3,
33-4, 33-5, 33-8, 38-1, 38-3, 38-4; O U 40-11, 40-12; P U 4 9 - 1 ; Y P M 62-4, 62-14,
63-18, 64-13, 64-16, 64-17, 64-18, 64-19, 64-20, 64-21, 64-23, 64-25, 64-26, 64-27,
64-28, 64-36, 64-38, 64-39, 64-41, 64-43, 64-45, 64-47, 64-49, 64-50, 64-52, 64-54,
64-57, 64-58, 64-63, 64-64, 64-67, 64-71, 64-72, 64-74, 64-75, 65-1, 66-4.
DISTRIBUTION : Units V, V I and V I I , Cloverly Formation, central and southern Montana and northern Wyoming.
DIAGNOSIS: Large, bipedal ornithopod with moderately deep, Iguanodon-like
skull
and extremely long tail reinforced by ossified tendons on either side of both neural
spines and chevrons. Caudal series includes up to 60 vertebrae and measures twice
(or more) the length of the precaudal column. Ischium long, straight; not expanded
distally. Pubis with straight, shallow, parallel-sided and horizontal prepubic blade and
long, straight, narrow postpubic rod. Ilium with long, narrow, sharply downturned
anterior process and conspicuously concave upper margin. Pes with unreduced metatarsals I-IV, and splintlike V. Phalangeal formula 2-3-4-5-0. Manus very broad, with
five flattened metacarpals. Phalangeal formula 2-3-3-2-2, digits I V and V lacking
clawlike unguals. Vertebral count 12-16-5-59+. Skull with very large external nares,
long slitlike antorbital fenestra and supplementary lateral temporal fenestra beneath
the usual lateral fenestra. Orbit subrectangular; larger than either lateral fenestra.
Premaxilla, which nearly encircles the nares, flares inferiorly into broad, U-shaped
edentulous beak, opposed by shallow, horseshoe-shaped predentary with pseudo-tooth
projections along upper margin. Mandibles bear two distinct coronoid processes and
a long curved retroarticular process. Quadrate long, very narrow transversely; posterior margin convex rather than concave Paroccipital processes hook-shaped, and
downturned at extremity. All teeth unilaterally enameled, dentary teeth with very
prominent vertical keel, maxillary teeth without keels but with numerous nonparallel,
subequal minor ridges.
DESCRIPTION : In the following pages an attempt is made to present sufficient description of the osteology of Tenontosaurus to define the taxon. A more detailed description is planned for the near future. T h e available collections of material referable to
T. tilletti are extensive, making this perhaps the most abundantly represented fossil
tetrapod at the time of its proposal. Twenty-six partial or nearly complete skeletons
are known, eight of which are juvenile. Most of the others are mature but not fully
grown. This sample provides an ususual opportunity to do a detailed analysis of varia-
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tion and growth changes. T h e present report does not seem an appropriate place, however, and I defer this to a later contribution.
Skull. Several partial skulls are present in the collections of Tenontosaurus, but the
best by far is the complete paratype skull Y P M 5456 (Plate 16: A; Plate 17 : A ) . In
fact, this skull is probably the best skull in existence of a pre-Late Cretaceous ornithopod from the Western Hemisphere. T h e following description is based almost entirely on that specimen, with occasional comparisons with the sub-adult skull of Y P M
5458 and several other fragmentary skulls. Some comparisons are made with skull
fragments of Camptosaurus and the restorations of that genus given by Gilmore
(1909), as well as with certain other ornithopods (Laosaurus, Dryosaurus, Parksosaurus, Dysalotosaurus, Heterodontosaurus,
Thescelosaurus and
Iguanodon).
In lateral view, the the skull is long and deep, in pronounced contrast to the low
profile of Camptosaurus (Fig. 8 ) . It has a large subrectangular orbit, a smaller oval
lateral temporal fenestra and large external nares. A small oval subsidiary lateral temporal fenestra is situated between the jugal and quadratojugal near the lower margin
of the lower temporal arch, and a long narrow slitlike antorbital fenestra descends
obliquely across the maxilla from the lacrimal. T h e greatest skull length is approximately twice the skull height.
In dorsal aspect, the skull is narrowly wedge shaped with stout, rostrally rounded
premaxillae and a sharply concave occipital outline. T h e greatest breadth is in the
temporal region. T h e supratemporal fenestrae are oval and of moderate size.
T h e snout is dominated by the stout, edentulous premaxillae which flare out
broadly below into a rounded, spatula-like beak. Dorsally, they extend backward as
long, narrow, parallel-sided processes that interpose between the nasals for a distance
of about 9 cm. This is well preserved in Y P M 5456 and 5459. Similar interposition of

FIG. 8. Reconstructed lateral view of the skull and mandibles of Tenontosaurus
tilletti.
Abbreviations: an = angular; de = dentary; f = frontal;ju = jugal; la = lacrimal; mx = maxilla; na = nasal; p = parietal; pd = predentary; pmx = premaxilla; po = postorbital; poc =
paroccipital process (exoccipital &/or opisthotic) ; prf = prefrontal; qj = quadratojugal; qu =
quadrate; s = supraorbital; sq = squamosal; sur = surangular.
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the premaxillae exists in Hypsilophodon (Galton, personal communication) but is not
characteristic of Heterodontosaurus
(Crompton, personal communication), Camptosaurus, Iguanodon or apparently of Laosaurus. This region is not known in Thescelosaurus or Parksosaurus. T h e premaxillary margins are moderately sharp edged with
very small toothlike projections near the midline. In lateral view, the premaxilla is
U-shaped with upper and lower processes projecting up and back, enclosing the external nares. Only the upper rear margin of the narial opening is formed by the nasal.
T h e maxilla is long and very high, accounting for the greatest fraction of snout
depth. T h e maxilla apparently differs from that of Camptosaurus in that it extends
all the way to the nasal lower margin and thus truncates the inferior premaxilla process and obstructs contact of the latter with any of the circumorbital elements. With
the possible exception of Heterodontosaurus
(and Iguanodon atherfieldensis?), contact of the maxilla and nasal appears to be true of all primitive ornithopods for which
adequate material is available. It is quite likely that Gilmore (1909) and Marsh
(1896a) erred in restoring the inferior premaxilla process of Camptosaurus as extending to the prefrontal and lacrimal.
A long (7 c m ) , narrow (1.5 c m ) , obliquely oriented antorbital fenestra extends
down and forward from the lacrimal across the maxilla. T h e upper wall of this fenestra slopes inward and inferiorly and a robust ridge, the inner maxillary lamina, defines
the lower medial fenestra margin. These do not meet, however, and the fissurelike
opening extends medial to the maxilla into the nasal cavity. Thus this opening is
properly termed an antorbital fenestra. I have no explanation for the function of this
opening, but its conformation and position seem to preclude any relationship to the
pterygoideus musculature, in spite of the fact that the ventral flange of the pterygoid
is unusually large for an ornithopod.
T h e maxilla bears 13 alveoli, which are occupied by stout and unusually broad,
unilaterally enameled teeth of the iguanodont type (see Plate 16: G-E). These are
enameled laterally and bear five or six faint, subequal ridges, but lack a prominent
keel as in Camptosaurus (PL 15: G) and Iguanodon. Unworn teeth are denticulate
marginally; worn teeth develop internally inclined wear facets. No more than one functional tooth occurs in each alveolus. T h e tooth row length is approximately 18 cm with
the anterior extremity situated exactly at the rear margin of the premaxillary beak.
T h e maxilla articulates posteriorly with a very deep triangular jugal, which is distinctive among all presently known ornithopods by its great depth. This bone is very
robust dorsally where it joins the lacrimal and forms the stout lower margin of the
orbit, but inferiorly the jugal is quite thin. T h e postorbital process is also robust and
together with the descending process of the postorbital (postfrontal) forms a very
massive arch between the orbit and the lateral fenestra. T h e jugal meets a subrectangular quadratojugal posteriorly, but inferiorly a posterior process extends back to the
distal end of the quadrate. This process and the quadratojugal define the small auxiliary temporal fenestra, which appears to represent a true fenestra and not just an open
suture.
T h e function of this latter opening is presumably related to the superficial external
adductor muscles, in view of the fact that it is situated immediately lateral to the summit of the coronoid (not dentary) process of the mandible where it would have provided additional space for the bulging muscle belly.
T h e other bones surrounding the orbit are the robust lacrimal and prefrontal anteriorly and a narrow, wedge-shaped supraorbital, plus a lateral expansion of the frontal-
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above. Small supraorbitals are preserved on both sides but these are depressed into the
orbits. They appear to have been situated as restored by Gilmore (1909) for Carnptosaurus, but of less robust form.
T h e quadrate is long, narrow and nearly straight. The posterior margin is convex
rather than concave, although the upper end does hook slightly backward. T h e quadrate appears to have been vertical in orientation. Its dorsal extremity is rounded in lateral aspect, but narrow and tabular in transverse form, and fits into a shallow, rounded
concavity in the squamosal. There may have been some mobility at this junction, but
no other evidence of streptostyly is apparent. In Y P M 5472 the proximal ends of both
quadrates are in normal position with respect to the squamosals, despite considerable
distortion and displacement of other skull elements, indicating a firm union of the two
bones. T h e quadrate is extremely narrow transversely over most of its length but
broadens out distally into a very robust (transversely) articular head. In anterior aspect, the quadrate appears to have had a short (anterposterior) but high superficial
flange (articulating with the quadratojugal and jugal) and a long and high pterygoid
flange that extended anteromedially. Both contributed to the posterior wall of the lateral temporal fenestra.
T h e dorsal aspect of the skull (Fig. 9 ) , except for the beak, is formed by long,
narrow, paired nasals, which pass between the prefrontals, the broad, very stout, paired
and firmly united frontals, massive fused parietals and strongly convex, three-cornered
squamosals. There is no sign of a sagittal crest across the parietals in Y P M 5456 or
5472, but a slight crest occurs in O U 11 and BB 1. T h e greatest width of the frontals
and parietals is approximately 50 to 60 percent of skull height.
T h e occipital surface is composed of the usual elements, but the triangular supraoccipital is excluded from the foramen magnum ( O U 11 appears to be a possible
exception, although preservation may account for this) and the basioccipital is almost
excluded. T h e latter forms most of the occipital condyle, with t h e exoccipitals contributing only small wedges on either side of the neural canal. Large, hook-shaped,
bladelike paroccipitals extend out, back and downward from the foramen magnum,

FIG. 9. Reconstructed dorsal view of the skull of Tenontosaurus tilletti.
Abbreviations: boc = basioccipital; f = frontal; ju = jugal; la = lacrimal; mx = maxilla; na
= nasal; p = parietal; pmx := premaxilla; po = postorbital; poc = paroccipital process (exoccipital &/or opisthotic) ; prf = prefrontal; qu =r quadrate; s == supraorbital; so == supraoccipital; sq = squamosal.
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very similar to those of hadrosaurs. Y P M 5456 and 5472 clearly show there is no dorsal expansion of these processes as in Camptosaurus, and they appear to be composed
entirely of the exoccipitals.
T h e basicranium is greatly compressed longitudinally. T h e basisphenoid projects
far ventrally as three massive processes. T h e laterally placed processes presumably
represent the basisphenoid tubercles. Anterior, and slightly lateral to the latter are two
very long subcylindrical basipterygoid processes that project far ventrally and slightly
lateral to articulate with the broadly expanded pterygoids. T h e position of the braincase itself is rather high, and the greatly deepened skull has resulted in elongation of
the quadrate and the basipterygoid processes. Thus the articulation of braincase
(basisphenoid) and palatal complex (pterygoid) has been maintained but depressed
to a very low position close to the level of the dentition. T h e distal extremity of the
quadrate is situated well below the dentition as in all ornithopods.
T h e pterygoid ventral flange is a broad and deep, somewhat sinuous plate of bone.
T h e upper portion may have provided enlarged and reinforced areas of origin for
slips of the pterygoideus musculature. T h e broad, ventral part appears to have roofed
over the posterior part of the oral cavity and formed a solid buttress between the
caudal extremities of the maxillae. T h e ectopterygoid appears to have been reduced
to a small slip of bone medial to the jugal and posterior to the maxilla, immediately
behind the tooth row.
T h e anterior portion of the palate is largely obscured, but the palatines appear to
extend forward from the ventral pterygoid flange to at least midlength of the maxillary tooth row—the apparent position of the internal nares. Rostral to this, details cannot be recognized at present, although there is a thin lamina of bone that underlaps
the ventral surface of the premaxillae. This appears to be an inferior forward extension of the maxillae (which seems unlikely), but it probably is an anterior portion of
the vomer.
T h e skull of Tenontosaurus
resembles the skull of Heterodontosaurus,
Hypsilophodon, Laosaurus and Dryosaurus in its deep, narrow form and the elongated and
nearly vertical quadrate. Camptosaurus, on the other hand, has a very low, long and
relatively broad skull, with a short, forwardly inclined quadrate.
Heterodontosaurus
and Hypsilophodon are distinct in having premaxillary teeth, as well very large orbits and small external nares. Both have moderate- to large-sized antorbital fenestrae,
but of distinctive form. Similar openings apparently were present in Laosaurus and
Dryosaurus where, like Heterodontosaurus,
they were entirely within the maxilla. In
Hypsilophodon this fenestra is bordered by the maxilla and the lacrimal, as it is in
Tenontosaurus.
Hypsilophodon appears to be the only other ornithopod known in which a secondary or subsidiary lateral temporal fenestra occurs. In the British genus, however, it is
situated within the quadratojugal, whereas in Tenontosaurus fenestration appears to
have taken place along the quadratojugal-jugal suture. Of special interest, however,
is the fact that in all other adequately known hypsilophodonts and iguanodonts
(Iguanodon and possibly Dryosaurus excepted), there is a distinct to very prominent,
ventroposteriorly directed bony process or boss on the inferior margin of the jugal
arch. A narrow to broad notch or recess occurs between this and the lower part of the
quadrate. It seems likely that the jugal fenestra (subsidiary lateral fenestra) may have
been enclosed by extension of this jugal flange back to the quadrate. Dryosaurus (?)
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and Parksosaurus lack both the jugal flange and the recess behind it. However, the
Parksosaurus skull is incomplete in the upper temporal region, and it is conceivable
that two lateral fenestra were present. There is no evidence for this, however.
The fact that the jugal of Tenontosaurus articulates with the quadrate below and
behind this secondary fenestra, and not with the quadratojugal, is strong evidence that
this is a secondary and perhaps specialized adaptation, conceivably to further buttress
the quadrate close to the jaw articulation. This would suggest that the subsidiary
fenestra is not due to a failure of the jugal-quadratojugal suture to close.
Mandible. The lower jaw of Tenontosaurus is of moderate length and robustness
(Plate 16: B; Plate 17: B ) ) . In lateral view it is straight, with parallel upper and
lower margins, and of uniform depth anterior to the coronoid process. The two mandibles are closely appressed together in YPM 5456 so that very little of the medial aspect
is visible. For this reason, the details of the postdentary and medial elements are not
completely known.
The symphysis is capped by a median, horseshoe-shaped predentary of shallow
depth that is remarkably similar to that of Iguanodon (Casier, 1960, Fig. 13). The
two lateral rami rest in dorsally facing grooves along the upper anterior margins of the
dentaries. These grooves appear to terminate immediately in front of the first tooth
so that the tooth row is continuous with the upper margin of the predentary. This upper predentary margin is sharp crested and is decorated by small (posterior) to large
(anterior) conical projections, like the predentary of Iguanodon. These projections
may have served to unite firmly the predentary and a covering horny bill, or they may
have served to reinforce similar projections along the margins of the horny beaks. A
broad ventral process extends ventrally in the midline and overlaps the symphyseal
region of the dentaries anteriorly.
The symphysis itself is not sutured and appears to have been rather flexible, restricted in mobility by the capping predentary and ligaments. The dentary is moderately massive and bears a long straight tooth row (17 cm) of 12 and 13 teeth. Posteriorly, the dentary expands upward into a short and relatively lightly constructed
coronoid process, which is separated by a shallow notch from the lower, and broader
bladelike "coronoid process" formed by the surangular.
Although the exact size and form is not known, the surangular appears to form
most of the external surface of the mandible below and behind the coronoid process.
In addition to the dorsal blade, it extends backward to the glenoid region and perhaps
beyond. No suture has been recognized between it and the articular, so exactly what
portions of the glenoid and retroarticular process are constructed of the surangular are
not known. A large surangular foramen is present immediately anterior to the glenoid.
Part of the left angular is present, although displaced, but its exact relation to the
surangular is indeterminate. A long splenial is partially visible along the inferior
medial aspect of the right dentary, but its form and length are not known. The glenoid
and retroarticular process are presumed to be composed chiefly of articular. The retroarticular process is quite long and bladelike, narrow transversely and broad vertically. It
curves sharply upward behind the glenoid. The latter occurs as a broad, transverse
concavity at the base of the surangular "coronoid process". In both rami, it is significantly narrower in its transverse dimension than is the distal head of the quadrate.
This could mean that the medial portion of the glenoid has been displaced and the
articular, or prearticular, is not preserved. Several bone fragments partly exposed be-
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tween the two jaws could be parts of the prearticular, and I have so interpreted them.
T h e articular, I believe, was fused with the surangular.
T h e mandibular teeth are of the iguanodont type, enameled on the medial side
only (Plate 17: G, D and E ) . Most are large and oval in crown shape, with denticulate margins. T h e enameled surface bears a very prominent vertical ridge (unlike
Camptosaurus mandibular teeth, Plate 15: F ) , on either side of which are several faint,
subparallel ridges. Tooth-wear facets are inclined labially.
Associated with the jaws (and the right quadrate) are a number of subcylindrical
bones, approximately 1 centimeter in maximum diameter, that are presumed to represent hyoid elements. These are too incomplete and poorly preserved to be identified
further. A very small cylinder of bone is also preserved medial to the upper end of the
right quadrate. This may represent part of the right stapes.
Vertebral column. T h e presacral vertebral count is 28, including 16 dorsals and 12
cervicals. T h e count is based on several specimens ( O U 11, Y P M 5459 and 5456,
BB 1, and A M N H 3031). T h e sacrum consists of 5 segments, which may be augmented by a dorsosacral a n d / o r a caudosacral. Where either of these is coalesced with
the sacrum, they are counted here as dorsal or caudal vertebrae. T h e caudal series is
extremely long, including 59 or 60 segments, and total tail length measures two or two
and a half times the length of the sacrals and presacrals.
Camptosaurus, with which the present species can most adequately be compared,
has 9 cervicals, 16 or 17 dorsals, 4 or 5 sacrals and approximately 44 caudals. There
was some question about the vertebral formula in Camptosaurus, according to Gilmore (1909), but the articulated series of C. medius ( C M 11,337) described by Gilmore (1925) established the presacral count at 9 cervicals and 17 dorsals. Gilmore
recognized 5 sacral vertebrae in this specimen, but as he noted (1909, p. 235), the sacrum of C. dispar consists of only 4 vertebrae. Whatever the sacral count, Camptosaurus
apparently had 26 presacrals compared with 28 in Tenontosaurus.
A complete caudal series is not known for Camptosaurus, but Gilmore (1909) estimated the caudal count at 44, on the basis of two nearly complete series of 33 and 34
segments ( U S N M 4282 and 2210). Including the 11 missing distal caudals and several missing presacrals in U S N M 4282, the tail length of Camptosaurus browni would
have been only slightly longer than the precaudal column.
T h e cervicals of Tenontosaurus (see Plate 18: A-D) are distinct in the low neural
spine, low arch, and in the position of the parapophysis on the centrum. They compare
closely with those of Camptosaurus, except in number. In general, the cervical centra
are relatively shorter and slightly broader and deeper than those of Camptosaurus.
They also tend to be amphiplatyan rather than opisthocoelous. All except the atlas
and axis are moderately keeled ventrally and bear broad, low neural arches. In contrast to Camptosaurus where only faint ridges mark the cervical neural spines, the
cervicals of Tenontosaurus bear short but well-developed neural spines on all segments. These are well preserved in Y P M 5456. Also, contrary to the condition in
Camptosaurus, the atlas centrum is significantly shorter than succeeding centra, but it
carries a Camptosaurus-\ike
arch bearing a high wedge-shaped neural spine with a
broad, concave posterior surface. T h e atlas intercentrum, odontoid and axis intercentrum are represented in several specimens, and are similar to those of Camptosaurus.
In O U 11, both the odontoid and axis intercentrum are fused to the axis centrum. In
Y P M 5456, which is the largest specimen presently known, the odontoid is not fused
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to the axis, but the axis intercentrum is. In BB 1, both elements are free and not coossified with the axis centrum. Despite Gilmore's statement to the contrary (1909, p.
225), the odontoid is coalesced with the axis in at least one specimen (YPM 1877) of
Camptosaurus. T h e axis intercentrum apparently always is fused with the axis centrum in Camptosaurus.
T h e dorsal vertebrae (Plate 17: E-H) are well preserved in the type of Tenontosaurus ( A M N H 3040) and the paratype ( P U 16338). Again these vertebrae are
rather similar to those of Camptosaurus, but differ in having relatively shorter centra
with much shorter and narrower neural spines and transverse processes. Also, the
neural spines are more rounded or less rectangular in profile. All centra are amphiplatyan and subcircular in anterior or posterior view. T h e neural arches are firmly
sutured to the centra in sub-adult specimens, but the sutures apparently remained
open even in the largest individuals, as is evidenced by several separated centra and
the arches in Y P M 5456. T h e neural arches are low and robust and the zygapophyses
quite short with facets inclined at about 45° throughout the series. T h e parapophysis
and diapophysis are widely separated on the first 12 dorsals but are closely spaced on
the thirteenth. The last three dorsals have a common articular facet for the capitulum
and tuberculum at the extremity of the transverse process, and in at least some instances the single-headed rib is fused to that process. T h e sixteenth dorsal, with the
transverse process and rib contacting the anterior blade of the ilium, also supports the
anterior part of the first sacral rib borne on the following sacral. T h e sacral count is
dependent on distinguishing between true sacrals and coalesced dorsosacrals or caudosacrals. I have defined the first sacral as the first vertebra bearing a lateral process
(transverse process) that is not borne entirely on the neural arch. The last sacral vertebra is the most posterior segment bearing distally expanded lateral projections (sacral ribs) for extensive sutural contact with the ilium. By this definition, there are five
sacral segments in A M N H 3040, O U 11, PU 16338, and Y P M 5462.
In A M N H 3040, the last dorsal is coalesced with the first sacral, but the last two
sacrals are not fused. This condition appears to be true also of Y P M 5462, and O U 11.
T h e sacral neural arches are incompletely preserved in PU 16338, but there is no
fusion of any sacral centra. This may be an ontogenetic condition, although the neurocentral sutures are firmly united (if not fused) in all dorsals and caudals.
T h e sacral vertebrae of Tenontosaurus are a little less robust than the posterior
dorsals. They resemble those of Camptosaurus in the deep and broad neural canal
and the faint development of the "peg and notch"-like junction of adjacent sacral
centra, as described in Camptosaurus by Marsh (1894) and Gilmore (1909). T h e
present sacrals differ from those of Camptosaurus in lacking even a slight longitudinal
groove along the inferior surfaces of the centra; Tenontosaurus sacrals show a broadly
rounded ventral aspect.
T h e caudals of Tenontosaurus (Plate 18: I-N; Plate 19: A and B) constitute two
thirds or more of the vertebral column, based on estimates from PU 16338 and
A M N H 3040. T h e anterior caudal centra are short, deep and broad, with nearly flat
lateral surfaces, strongly concave ventral surfaces and subcircular ends. T h e anterior
neural spines are moderate in length, narrow, and curve back and upward—the anterior margin being concave rather than convex as in Camptosaurus. T h e neural spines
of the anterior caudals also are relatively shorter and narrower than those of Camptosaurus. Moderate- to small-sized transverse processes occur on the first eight caudals,
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compared with the first 12 in Camptosaurus. T h e midcaudals are more elongate
(length exceeds height and w i d t h ) , and the lateral surface is marked by an increasingly prominent longitudinal ridge, which produces a distinctly hexagonal outline to
the ends of the centra. T h e neural spines are of moderate but decreasing height,
straight, narrow, vertical and slightly expanded near the summits. T h e spine is reduced to a posteriorly placed, low, triangular blade near midtail, and gradually diminishes to nothing at the extremity.
T h e first chevron is situated between the first and second caudals. None of the
present specimens permits a positive conclusion, but several indicate that the last 20
or so segments may have been free of chevrons. T h e type and the Princeton paratype
show an absence of recognizable facets for chevrons, and in Y P M 5466, a sequence of
33 medial and distal caudals has chevrons preserved with the first 10, but not the rest.
Ossified tendons are preserved in most of the specimens, closely associated with
the neural spines and the chevrons (see Plate 19). T h e tendons along the dorsal series
appear to have extended without interruption from the fourth or fifth dorsal back close
to the tail extremity. T h e hypaxial tendons begin at about the fifth or sixth chevron and
presumably extended to the caudal extremity. T o the best of my knowledge, ossified
hypaxial tendons have not been found in any other ornithopod except Thescelosaurus
neglectus (Gilmore, 1915) and Parksosaurus warreni Parks, 1926. Sternberg (1940),
in describing a second species of Thescelosaurus (edmontonensis),
noted that no tendons were present along the underside of the tail in that specimen and suggested that
this might be a youthful condition. Such may be the case in Thescelosaurus
edmontonensis, but it apparently was not true in Tenontosaurus. Among the specimens in the
Yale collections is a small juvenile (YPM 5478), less than one third the size of the
largest specimen. Ossified tendons are well developed in this specimen, both above and
below the caudals. (This is in a region of the tail that I would judge to be close to the
40th segment inasmuch as the centra have lost the hexagonal outline and measure
15 by 8 by 13 m m in length, height and width, respectively). There is no record of
hypaxial tendons in Camptosaurus, although ossified epaxial tendons are preserved
in several specimens.
Appendicular skeleton. T h e pectoral girdle of Tenontosaurus consists of scapulae,
coracoids and sternals. T h e scapula and coracoid are virtually identical to those of
Camptosaurus, except that the coracoid is more hook shaped anteriorly and the coracoid foramen is complete even in juveniles, whereas in Camptosaurus it is a notch
open to the coracoid-scapula suture. Of particular interest is the presence of wellossified sternal plates in every Tenontosaurus specimen in which the shoulder region
is preserved. Although subsequent discoveries may alter this, at the present time sternal
plates are unknown in Camptosaurus. They are not present in any of the several articulated skeletons, and the presumption is that they were not ossified. Sternal bones
have been reported in Iguanodon, Parksosaurus {Thescelosaurus warreni Parks, 1926)
and Laosaurus (Gilmore, 1925b), as well as in hadrosaurs. T h e Tenontosaurus sternals resemble those of Parksosaurus, with the exception that the posterior external
margin curves forward more strongly. They are rather thin, but the anterior, medial
and posterior margins are thickened for cartilaginous contact with the coracoid, the
opposite sternal and sternal ribs.
T h e humerus appears to be less massive than in Camptosaurus, at least the shaft
circumference to length ratio is less, but the deltopectoral crest and internal tuberosity
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are much more pronounced in Tenontosaurus. T h e radius and ulna also are somewhat
less massive than in Camptosaurus.
The carpus apparently consists of three elements, presumably the radiale, ulnare
and intermedium. Other carpals may have been present, but they are not preserved in
place in any of the present specimens. Gilmore (19G9) described eight carpals in
Camptosaurus, the three mentioned above and five small distal carpals. A small lozengeshaped element is present beneath the fourth metacarpal in BB 1, and this may represent a fourth or fifth carpal.
T h e manus (Plate 2 1 : A) is distinct, being broader and flatter than that of Camptosaurus. The metacarpals particularly are broad and flat and somewhat longer than
those of Camptosaurus. T h e phalangeal formula of Tenontosaurus is 2-3-3-2-2 (based
on O U 11, BB 1, A M N H 3031 and Y P M 5459), that of Camptosaurus is 2-3-3-3-2.
T h e unguals of I, I I and I I I are long and narrowly tapered compared to the broad,
almost hooflike unguals of Camptosaurus. As in the Morrison species, the terminal
phalanges of I V and V are small, nubbinlike elements.
T h e pelvic girdle (Plate 20: A, B and C) is perhaps the most distinctive postcranial structure and different from that of other ornithopods. T h e ilium is long, low
and robust. It is distinctive in the very long and narrow anterior process that is bent
sharply downward. Distally this process is parallel to the narrow, ventroanteriorly
directed pubic peduncle. The ilium is also distinctive in the concave form of its upper
margin. There is no evidence of an antitrochanter. T h e pubis differs from that of
Camptosaurus in the short, straight and narrow form and horizontal projection of the
prepubic blade and the straight and narrowly tapered form of the postpubic rod. T h e
obturator foramen apparently is never closed off from the pubic-ischiac suture. The
ischium differs from Camptosaurus in the straight, parallel-sided shaft that is not expanded distally. It resembles that of Thescelosaurus, except that the shaft is somewhat broader and the obturator process is more proximally placed in Tenontosaurus.
T h e limb, tarsus and pes are of normal iguanidontid construction. T h e limb elements, particularly the femur (Plate 20: D and E) and tibia, are appreciably less
massive than those of Camptosaurus. T h e fourth trochanter is slightly less prominent
and is more proximal in position in Tenontosaurus. T h e astragalus lacks an anterior
ascending process, and neither the astragalus or calcaneum are ever fused to the tibia
or fibula. In addition to the astragalus and calcaneum, the tarsus appears to consist
of only two distal tarsals; at least that is all that is preserved in the numerous complete
or nearly complete feet in present collections. Presumably these represent tarsals I I - I I I
and I V in that they articulate with metatarsals I I , I I I and IV. A splintlike fifth
metatarsal is preserved in two specimens (BB 1 and A M N H 3031). However, there is
no scar or notch in metatarsal I V to indicate the presence of a fifth metatarsal, as
there usually is when the latter occurs as a vestigial splint-line bone. The phalangeal
formula is the normal 2-3-4-5-0, but the pes (Plate 2 1 : B) of Tenontosaurus is distinct from Camptosaurus in the shorter length of the metatarsals relative to digit
length, and in the unreduced form of metatarsal I, which has a fully developed proximal end and participates in the tarso-metarsal joint. In this, and in general proportions, the pes and metatarsus of Tenontosaurus are more like Thescelosaurus
neglectus
( U S N M 7757) than anything else.
DISCUSSION: Tenontosaurus

may be distinguished from Camptosaurus
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presacral count (28), much longer tail, ossified hypaxial caudal tendons, distinctive
form of ilium, ischium and pubis, lesser robustness of all limb bones, the presence of
sternals, the manus phalangeal formula of 2-3-3-2-2, the form of the metatarsus and
tarsus, and a whole suite of cranial characters, including the presence of a subsidiary
lateral temporal fenestra, a fissurelike antorbital fenestra, narrow and straight quadrate, compressed basicranium, tooth morphology, "double" coronoid process and the
very deep, narrow form of the skull. Some of the same features also distinguish Tenontosaurus from Thescelosaurus:
the higher caudal count, the form of the pelvic
elements, the presence of sternals, and the manus formula. In addition, the morphology of the caudal vertebrae, the higher position of the fourth trochanter and the
shapes of the scapula and humerus are distinct from Thescelosaurus neglectus, and
dental and mandibular morphology, and sacral count distinguish it from Thescelosaurus edmontonensis. Parksosaurus differs from the present species in dental morphology, the slender jugal and deep, lateral temporal fenestra, orientation of the
antorbital fenestra, six sacrals, shorter tail, the shapes of pelvic elements, the lower
position of the fourth trochanter and the reduced first metatarsal. Laosaurus differs
in the shape of the humerus, the higher position of the fourth trochanter and the relatively longer and more slender metatarsals and phalanges of the pes. Laosaurus also
appears to have a robust supraorbital bar and a supraorbital fenestra, rather than the
slender tapered supraorbital of Tenontosaurus. Dryosaurus is separate from Tenontosaurus in the shape and position of the antorbital fenestra, the shape of the lateral
temporal fenestra, the presence of a supraorbital fenestra and the relative proportions
of the skull. It differs also in having six sacrals, a very long, low ilium with a convex
upper margin, and a slender and elongated metatarsus. Iguanodon resembles the
present species in general form of the skull, but differs in having a lower snout, a shallow jugal arch, a smaller orbit but larger lateral fenestra, lack of a subsidiary lateral
fenestra, the closer spacing of teeth, the vertebral count, the form and formula of the
manus and the shapes of ilium, ischium and pubis.
Laosaurus and Camptosaurus are clearly distinct. Dryosaurus may be synonymous
with Laosaurus, but further preparation and study of the types of Laosaurus gracilis
(YPM 1875) and Dryosaurus altus (YPM 1876), and the two Carnegie Museum
skulls ( C M 11340 and 3392) referred to these last two genera is necessary before the
matter can be resolved. Until such time as that is accomplished, or new and more
complete material is discovered, it is impossible to draw any firm conclusions about
the affinities of Tenontosaurus with either Laosaurus or Dryosaurus.
T h e skull of Camptosaurus is not well known despite the restorations given by
Gilmore (1909). Consequently it is difficult to make adequate comparisons with the
present material. T h e differences in postcranial osteology between Camptosaurus and
Tenontosaurus do not preclude an ancestral-descendant relationship. T h e reduced
manus, the complete first metatarsal, the increased vertebral count, the pelvic and
pectoral girdle features could all have been derived from the Camptosaurus condition.
Thus, the cranial evidence is critical, and the inadequate nature of the Camptosaurus
skull material makes final judgment difficult.
Examination of all known cranial material has led me to conclude that Gilmore's
reconstruction of the skull of Camptosaurus is correct in most details. Those points
that I have reservations about (the long length of the lower premaxillary lobe, the
very short upper premaxillary process, the position and shape of the quadratojugal,
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and the form of the paroccipital process) do not alter the most significant aspects of
Gilmore's reconstruction, which is of a long and very low and broad skull. Virtually
all adequately known ornithopods are characterized by deep and relatively narrow
skulls with long, nearly straight and vertical quadrates, deep pterygoids and long, ventrally directed basipterygoid processes. These conditions are true of the few known
Triassic forms (Heterodontosaurus, Fabrosaurus) and apparently were true for other
Jurassic ornithopods (Laosaurus, Dryosaurus? and Dysalotasaurus) and many Cretaceous species (Hypsilophodon, Iguanodon and nearly all hadrosaurs). It may have
been true of Thescelosaurus, but it appears not to have been characteristic of Parksosaurus. Camptosaurus would thus seem to be an exception with its long and low, broad
skull, short and curved quadrates, and short and ventrolateral^ directed basipterygoid
processes. These suggest that Camptosaurus may have been an aberrant line and not
ancestral to Tenontosaurus or any of the other well-known Cretaceous ornithopods.
Gilmore (1909) proposed a new species of Camptosaurus (C. depressus) for a
very fragmentary specimen ( U S N M 4753), from what has been called "Lakota sandstone", of possible Early Cretaceous age, at Calico Canyon near Buffalo Gap, South
Dakota. T h e precise stratigraphic level and age have not been determined. T h e possible Early Cretaceous age of this specimen invites comparison with Tenontosaurus.
The specimen, which consists of portions of both ilia, one pubis(?), an incomplete
sacrum, a sacro-dorsal, 12 caudals and a few rib fragments, is at best a doubtful type
specimen. Comparison with other Camptosaurus materials suggests that it may represent a distinct species, but it is also possible that the diagnostic features noted by Gilmore are due to individual variation.
Whether or not C. depressus is a valid species, there can be no doubt about its distinction from Tenontosaurus. T h e ilia of C. depressus lack the concave upper margin,
and the long anterior process of the ilium is straight and projects forward and only
slightly downward, whereas that of Tenontosaurus turns very sharply downward. Also,
this anterior process is very robust and triangular in section in C. depressus. I n
Tenontosaurus it is very thin transversely and bladelike. T h e caudal vertebrae are incomplete, but at least one anterior caudal bears a rodlike neural spine that is inclined
backward at approximately 4 5 ° , instead of being bladelike and nearly vertical. T h e
distal caudals also appear to have had short neural arches instead of the nearly fulllength arches characteristic of Tenontosaurus.
Inadequate as the type of C. depressus is, I see no evidence to equate it with Tenontosaurus, but there appears to be good evidence for considering the two as distinct.

SUBORDER A N K Y L O S A U R I A

FAMILY A C A N T H O P H O L I D A E Romer, 1927
S a u r o p e l t a , new genus
ETYMOLOGY: Sauros (Greek; masculine), lizard, and pelt a (Greek; feminine), small
shield, in reference to dermal armor.
TYPE SPECIES : Sauropelta edwardsi, new species.
DIAGNOSIS : Same as that of the type and only species.
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Sauropelta edwardsi, new species
Plates 22-27
Sauropelta edwardsi; named for Nell and Tom Edwards of Bridger,
Montana, in appreciation of the hospitality and assistance they gave to Yale field crews.

ETYMOLOGY:

TYPE SPECIMEN

: AMNH 3032, a partial skeleton, lacking the skull.

TYPE LOCALITY: AMNH 32-3, NE y4 Sec. 20, T.5 S., R.28 E., Big Horn County,
Montana. Unit V, VI or VII (precise stratigraphic level unknown) of the Cloverly
Formation.

Partial skeletons (AMNH 3016, 3033, 3035, 3036, 5833,
5853); isolated elements5 (YPM 4896, 5069, 5072, 5074, 5086, 5094, 5095, 5098, 5101,
5102, 5105, 5106, 5108, 5109, 5111-5115, 5118-5122, 5124, 5125, 5127, 5130, 5131,
5133, 5134, 5136, 5137, 5139-5146, 5148-5150, 5154-5159, 5161, 5163-5169, 5173,
5175-5179, 5181-5189, 5191, 5192, 5194, 5196, 5198, 5200, 5295-5298, 5300-5305,
5307, 5309-5315, 5317, 5320-5327, 5333-5341, 5350-5352, 5367, 5368, 5389, 5391,
5393, 5402, 5405, 5408, 5409, 5442, 5448, 5486-5503, 5505-5513, 5516, 5517, 55205522,5525-5529,5531,5532).
REFERRED SPECIMENS:

AMNH 3064; YPM 4892, 4897, 4905, 50765078, 5085, 5125, 5136, 5140, 5150, 5190, 5193, 5306, 5308, 5316, 5318, 5319, 5328,
5330-5332, 5390, 5394, 5395, 5406, 5485, 5504, 5515, 5536.
ADDITIONAL REFERRED SPECIMENS:

AMNH 03-28, 04-9, 31-9, 32-4, 32-6, 32-7, 38-2; YPM 62-11, 63-16,
63-17, 63-18, 63-19, 63-20, 63-22, 64-20, 64-23, 64-24, 64-29, 64-31, 64-47, 64-67.
LOCALITIES:

Units- V, VI and VII, Cloverly Formation, southern Montana and
northern Wyoming.
DISTRIBUTION:

Medium-sized acanthopholid ankylosaur with extensive dorsal and flank
armor consisting of a mosaic of large flat and keeled dermal plates interspersed with
small plates and irregular ossicles. Flank armor consists of large hollow-based plates
projecting lateroposteriorly as long triangular spines. Skull inadequately known, but
apparently relatively long and deep, and perhaps narrower than in other ankylosaurs.
Lateral temporal fenestra present, but upper fenestra closed by dermal ossifications.
Mandible long, with low coronoid process, and co-ossified with a superficial dermal
plate. The latter does not extend onto inferior medial surface. Mandibular tooth row
long, extending almost to symphysis. Mandible tooth count 25 to 27. Teeth of ankylosaurid type with laterally compressed crowns triangular in lateral aspect and denticulate along anterior and posterior edges. External and internal surfaces usually not
striated or ridged, but crown base irregularly and variably inflated to produce a bulbous labial cingulum and a narrow lingual cingulum. Either or both cingula may be
absent. Cervical vertebrae short, massive and wide. Width of centrum exceeds length
and height, and centra faces oval and amphiplatyan. Neural canal very large. Neural
DIAGNOSIS:

5

Disarticulated and scattered scutes, vertebrae, ribs, limb bones and skull and jaw fragments
of at least five individuals were collected in the six closely spaced Yale sites (YPM 63-16, 63-17,
63-18, 63-19, 63-20 and 63-22). There being no way to establish true associations of most elements, the majority have been catalogued as individual entries.
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arch low, diapophyses short, massive and projecting laterally, neural spines low,
robust and triangular. Inferior surface of centra with a broad, shallow longitudinal
groove bordered laterally by thin, ventrolaterally projecting laminae. Dorsal centra
long, constricted laterally and ventrally at midlength, terminal faces circular and
amphiplatyan. Neural arches high, with high oval neural canal. Diapophyses stout,
short, and extend up and outward at 50 to 60° to horizontal. Both diapophyses and
short bladelike neural spines expanded distally, the latter both transversely and
longitudinally. Postzygapophyses overhang well behind the centrum posterior surface.
Ribs not co-ossified to vertebrae. Proximal caudal centra short, but very deep and
wide, nearly circular in end view and amphiplatyan. Transverse processes project out
and downward proximally, but become horizontal posteriorly. Neural spines stout,
short and greatly expanded distally. Distal caudals elongate, hexagonal in end
view and with a narrow, deep midline groove ventrally (haemal canal). Large, projectant chevron facets at posterior inferior margins of centra, but little or no facet
anteriorly. Chevrons infrequently fused to centra. Fore limb short and massive with
very heavy humerus and short, stout radius and ulna. Manus phalangeal formula unknown. Scapula-coracoid fused, very massive, short and downcurved both anteriorly
and posteriorly. Sacrum consists of seven or eight segments. Ilia greatly expanded into
near horizontal plates overhanging far lateral to acetabulae and with long narrow
anterior blades. Ischium a simple rod, strongly downcurved distally, but without any
distal expansion. Pubis greatly reduced to small hook-shaped element. Hind limb long,
with stout and long femur and moderately elongated tibia and fibula. Tarsus unknown, but pes phalangeal formula 2-3-4-5 ?-0. All digits terminate in flat, hoof like
unguals.
Ankylosaur remains are rather common in fossil vertebrate collections
from the Cloverly Formation and appear to be second only to Tenontosaurus in abundance. No complete skeletons are known, however; in fact, other than numerous isolated elements, only four partial skeletons exist in addition to the type specimen. It is
quite possible that more than one species6 is represented among the items here referred to Sauropelta, but no concrete evidence to that effect is available at present.
Accordingly the following description and the preceding diagnosis are based on the
type specimen (AMNH 3032) where possible, but other specimens in the American
Museum and Peabody Museum collections have been used for characterization of
those elements not preserved in the type. In particular, I call attention to the Yale
Crooked Creek quarries of northern Wyoming (YPM localities 63-16, 63-17, 63-18,
63-19 and 63-20) that produced large numbers of ankylosaur scutes and postcranial
bones. At these sites, ankylosaur remains were the most abundant materials by far, but
nearly all were disarticulated and occurred as isolated elements. At least five individuals are involved here and nearly every skeletal part is represented. Comparable elements are indistinguishable from those of the type, and it is concluded that the type
DESCRIPTION:

6
T h e most suggestive evidence of a second species lies in the "unique" armor preserved in
A M N H 3036 which seemingly lacks any hollow-based spikes or strongly keeled plates, both of
which are abundantly represented in the other partial skeletons known and in the isolated ankylosaur remains. (See Plate 27: G to L for the keeled and hollow-based scutes and compare with
Plate 75, Colbert, 1961 for the dermal armor of A M N H 3036.)
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specimen and all Crooked Greek ankylosaur remains are of a single species. Thus the
Crooked Creek materials have been used extensively in this description.
Skull. T h e skull is missing in the type specimen, but a partial skull is present in
A M N H 3035 and several skull fragments were recovered from Yale locality Y P M
63-19 (YPM 5528, 5529, 5499). Although poorly preserved and lacking much of the
preorbital region, the skull of A M N H 3035 appears to have been significantly higher
than most nodosaur skulls. T h e skull roof, which is veneered with thick dermal ossifications, lies approximately 12 cm above the ventral margin of the foramen magnum,
equal to half the skull width at the orbits (25 c m ) . This compares with 8 and 30 cm
in Edmontonia rugosidens ( U S N M 11868) and 8 and 28 cm in E. rugosidens ( R O M
1215). A low or depressed skull also appears to be characteristic of Panoplosaurus
miris ( N M C 2759) and Silvisaurus condrayi ( U K M 10296). T h e skull roof of Sauropelta appears to have been flat and completely covered with dermal bone concealing
all dorsal and lateral bones and sutures. Greatest skull width is just behind the orbits
and equals about 35 cm. T h e orbits are small and appear to have been oval with a
maximum diameter (length) of about 6 cm. Although portions of the circumorbital
area and maxilla are present in the type, no sutures are recognizable and little can be
said about precise relationships. T h e right and left circumorbital regions are also
known from fragments collected at Yale site Y P M 63-19. In both, the skull bones are
covered by small- to moderate-sized, knobby or flat dermal ossifications. Several prominent sulci are preserved, particularly one extending from the rear margin of the orbit
across the supraorbital rim and medially across the lateral part of the skull roof. Thus
the dermal scutes overlying the orbital region might be described as preorbital and
postorbital scutes. This same pattern occurs in Edmontonia rugosidens ( U S N M 11868
and R O M 1215) and, contrary to Gilmore's statement (1930, p. 3 ) , there does appear
to be some uniformity of sulci and scute patterns.
T h e lateral temporal fenestra is not recognizable in this specimen, but an isolated
left quadrate (YPM 5529), with a complete anterior margin, shows that at least a
small lateral fenestra was present. T h e quadrate flares out slightly ventrally and appears to have sloped forward and slightly outward as in most ankylosaurs, at approximately 60° to the vertical. As a consequence of this forward inclination of the quadrate, the broad distal extremities of the quadrates are situated lateral to the anterior
end of the basicranium, and the stout pterygoid flanges extend directly medial. Moderate-sized posttemporal fenestra are present on either side of the braincase between
the exoccipital and the pterygoid flange of the quadrate. T h e occipital surface is broad
and low and, although no sutures are discernible, appears to be constructed entirely
of the exoccipitals and supraoccipital. T h e small subspherical condyle (4.5 cm) is
formed exclusively of the basioccipital. This structure points down and back at a sharp
angle to the tooth row, but I agree with Lambe (1919) and Russell (1940) that the
ankylosaur skull in life was probably held at an inclined angle of perhaps as much as
60° to the horizontal. Thus in the normal position the quadrates are nearly vertical
and the occipital condyle projects back horizontally. This position appears to be verified by the attitude of the floor of the endocranial cavity and what appears to be part
of the semicircular canal cavity preserved in an isolated fragmentary braincase ( Y P M
5529).
T h e braincase is very massive and short. T h e basioccipital-basispheno'id junction
is greatly inflated ventrally and marked by two irregular lateral projections (basisphe-
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noid tubercles) and a broad midline swelling. A large foramen, presumably for the
internal carotid artery, pierces each side of the basiphenoid well below the endocranial
cavity and passes into the pituitary fossa. Immediately anterior to this, the basicranium narrows abruptly and passes forward as a thin sagittal blade (parasphenoid)
above the fused pterygoids. T h e inflated basisphenoid butts closely against the posterior surfaces of the broad pterygoids. In normal articulation the basipterygoid processes are concealed, but the isolated basicranium (YPM 5529) shows a very short knoblike projection on the left side that appears to be a vestige of that process. Nevertheless, there appears to have been complete immobility between endocranium and
palatoquadrate.
Mandible. Portions of the right mandible are preserved in A M N H 3035, but again
no teeth are visible. Its length is approximately 35 cm from the center of the glenoid
to the symphyseal region and it bears a low triangular coronoid that rises approximately 13 cm above the ventral margin of the mandible. The tooth row is long and
curved, but no count of alveoli can be made. The right mandible is imperfectly preserved in the type. It compares exactly with the above mandible and a Yale specimen
(described below) and includes a long tooth row (23 cm) with 27 alveoli that extends
very close to the symphysis.
Several isolated mandibles were collected at various Yale sites, among them one
excellent jaw (YPM 5502) illustrated in Plate 22: A, B and C that provides the following details. It is of moderately massive construction but tapers to a narrow symphysis. T h e length is 37 cm and the height at the coronoid process is 11.3 cm. T h e
most distinctive feature is the long, curved tooth row (20 cm minimum length, 22 cm
along the curve) with 25 alveoli. A second jaw (YPM 5391) also has 25 alveoli. This
compares with 18 alveoli and a straight length of 14.5 cm in a mandible 35.2 cm long
for Edmontonia rugosidens ( U S N M 11868). T h e long tooth row reaches to within 3.5
cm of the symphysis and extends farther forward than in any nodosaur except
Silvisaurus. Eaton (1960) reported "about 27" mandibular alveoli extending to within
25 m m of the symphysis and measuring (in a straight line) 170 m m back from the
symphysis. Silvisaurus is the only nodosaur (?) in which premaxillary teeth are known
(and for this reason it should perhaps be referred to the Acanthopholidae), but the
long mandibular tooth row in the present material certainly indicates their probable
existence in Sauropelta.
T h e tooth row curves markedly over its length, concave externally. It also curves
in the vertical plane with anterior and posterior teeth situated at a much lower level
than those near midlength.
T h e external mandibular surface is marked by a long and broad rugose or sculptured region—a dermal ossification that has fused to the mandible. This dermal plate
does not reach either to the symphysis or over the short retroarticular process. T h e
"exposed" posterior portion of the mandible behind the dermal plate marks the positions of the pterygoideus muscles that probably inserted on the external surface behind this scute and wrapped around beneath the mandible and passed forward to the
greatly expanded pterygoids. T h e upper limit of the dermal ossification is well below
(approximately 3 cm) the tooth row and parallels it to the base of the coronoid process. Eight large foramina pierce the dentary in this region between the tooth row and
the dermal scute and two more occur close to the symphysis. Unlike most nodosaurs,
this superficial dermal ossification has a sharply defined ventral margin along the infe-
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rior margin of the mandible and does not extend up onto the inner surface of the jaw.
T h e internal aspect of the mandible is smooth and gently concave. A row of prominent round foramina lies just below the alveolar margin. They correspond one for
one with the alveoli and presumably functioned as passages for germ teeth from the
dental lamina as suggested by Edmund (1957). Four other large foramina appear to
penetrate the inner wall of the mandible to the Meckelian canal, one each at the anterior and posterior ends of the splenial and one at the top and one at the center of the
splenial. This last bone overlaps the dentary as a thin sheet of bone, is triangular and
extends over the middle third of the jaw. Posteriorly it unites by a firm digitate suture
with the angular. Dorsally it contacts the coronoid and ventrally, over part of its
length, it joins the external dermal ossification. Near the rear extremity of the tooth
row the splenial height is slightly less than the dentary height. In Edmontonia it
appears to be comparable, although Russell (1940) shows it as a thin sliver of bone
along the lower internal surface.
T h e coronoid is a narrow L-shaped bone, the anterior process of which loosely
overlaps the last six dental foramina, immediately lingual to the tooth row. T h e posterior or dorsal process laps over the anterior edge of the coronoid process (dentary?)
and fuses solidly with that structure.
The. angular is solidly united with the other postdentary bones and all sutures are
obliterated. Presumably, the mandible medial, ventral and posterior to the Meckelian
canal, is composed of the angular, surangular, articular and prearticular, but none are
recognizable. T h e surangular presumably forms the posterior part of the coronoid
process and the external surfaces of the region behind. A small foramen (the surangular foramen?) penetrates this area at the posterior edge of the dermal ossification
and opens into the rear of the mandibular fossa 2 cm anteriorly. T h e glenoid region is
separated from the floor of the mandibular fossa by a prominent transverse ridge. T h e
articular area itself is broad transversely and consists of two large, shallow concavities
in an oblique trend, the larger one situated lateral and slightly behind the other. These
extend almost to the end of the short, but robust retroarticular process.
T h e symphysis is moderately wide (from front to back) but surprisingly shallow.
In fact, the symphyseal region is the shallowest part of the mandible except for the
retroarticular process. The symphyseal surface is marked by broad, shallow depressions, and the upper superficial region just lateral and anterior to the symphysis bears
numerous deep pits and bosses or tubercles. These features suggest a cartilaginous or
ligamentous union of the mandibles that may have been somewhat mobile. There is no
clearcut scar for a predentary that is identifiable as such.
Teeth. Ten functional and replacement teeth are preserved in mandible Y P M
5502. An additional seven replacement teeth are visible in the second mandible, Y P M
5391. Two teeth are preserved in place in a maxilla fragment (YPM 5368) and 20
isolated teeth were recovered from several sites (see Plate 22: D, E and F ) . There
seem to be no consistent differences between maxillary and dentary teeth. All are
laterally compressed, triangular blades with denticulate anterior and posterior margins. T h e number of denticles varies from three to five on one edge and five to seven
on the other, exclusive of the apical denticle. T h e higher denticle count appears to be
always on the anterior edge, but this cannot be confirmed with the present limited
sample. There is moderate variation in crown height, with some being relatively low
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and broadly triangular, others high and more narrowly tapered, as shown in Plate 22:
D, E and F.
T h e basal part of the crown is inflated to variable degrees and usually is developed
into an irregular cingulum. This structure is most prominent on the external side of
lower teeth but may be present on either or both sides. However, a cingulum apparently is not universally present, as several teeth in the Yale collections (YPM 5525,
5502) show (PL 22: E ) . Below the crown, the cylindrical root is constricted and then
expands slightly before tapering to its extremity. All teeth appear to have had open roots.
T h e only apparent difference between the present material and teeth of nodosaurs
is the absence of even faint vertical rugae across the inner and outer crown faces. Such
rugae are prominent features in Ankylosaurus magniventris ( A M N H 5895), Edmontonia longiceps ( N M C 8531), Edmontonia rugosidens ( U S N M 11868), Panoplosaurus
miris ( N M C 2759) and all species of Palaeoscincus. Only Silvisaurus condrayi ( U K M
10296) similarly lacks these rugae, further evidence for allying these species.
Vertebral column. T h e vertebral count is not known for Sauropelta, but representative vertebrae are available for all parts of the column. No cervical vertebrae are
preserved in the type specimen, but six cervicals are present, either completely or in
part, in A M N H 3035. Among those represented are the atlas and axis. In contrast to
all nodosaurs, only the odontoid is fused to the axis. T h e remainder of the atlas is
missing, but it is quite evident that the altas intercentrum and arch were not coossified with the axis (see Plate 22: G ) . This condition is found in primitive acanthopholid ankylosaurs (i.e. Struthiosaurus transsylvaniens, Nopcsa, 1929), but not,
as far as I know, in any nodosaur.
The odontoid is moderately long, tapers anteriorly, both in lateral and dorsal views.
T h e upper surface is concave from side to side, but the ventral surface is narrowly convex, almost "keeled", so that in anterior aspect the odontoid is almost triangular.
T h e axis centrum is long and low, oval in end view and moderately concave in its
posterior surface. T h e underside of the centrum is broad and nearly flat, with a thin,
sheetlike lamina of bone projecting back from the anterior edge. This may represent
a greatly flattened and backward-directed hypopophysis. T h e lateral centra surfaces
are marked by a large but short parapophysis at midheight and close to the anterior
margin. T h e neural pedicels are high, enclosing a very large, vertically ovate neural
canal. Short, stubby transverse processes project directly laterally from the pedicels at
midheight of the neural canal. The postzygapophyses are large, projecting backward
beyond the posterior face of the centrum. In contrast to nodosaurids, particularly
Edmontonia rugosidens ( U S N M 11868), the neural spine is a very low triangular
knob overlying the postzygapophyses.
T h e other cervicals, presumably the third through fifth (Plate 22: I and J ) , are
shorter in centrum length but have the same low oval outline in axial view. These
centra are amphiplatyan and slightly angled, reflecting a slight arch to the neck. T h e
ventral surface is broad with a shallow sagittal groove and low but distinct lateral
ridges. T h e neural arch is high and broad, with short, horizontal diapophyses and
short, robust and sub-bladelike neural spines.
Thirteen dorsals are present in the type specimen, but few are complete, and the
number of missing segments is not known. Unfortunately, all information about the
relationships of these segments is lost, so none can be identified as to position with
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absolute certainty. Dimensions are similar enough and preservation capricious enough
to frustrate establishment of sequences based on length, height or width of the centra
(see Plate 22: K ; and Plate 23: A ) .
All dorsals are amphiplatyan, but many show a faint central convexity 2 to 3 cm in
diameter on both anterior and posterior centra surfaces. Both ends are nearly circular
with height slightly greater than width. T h e sides and under surfaces are smooth and
strongly concave longitudinally. No pleurocoels are present. T h e neural arch pedicels
are very high and narrow, enclosing a high, elliptical canal. T h e parapophyses are
high on the pedicels, well above the level of the neural canal, and project only slightly
outward. Pre- and postzygapophyses are very close to the midline and are joined. T h e
postzygapophyses project well behind the centrum and directly above the neural canal.
Whereas the zygapophyseal facets of the cervicals are inclined at a low angle of 20 to
30° to the horizontal, those of the dorsals are steeply inclined at 60° or more. T h e
transverse processes are long and project up and out (not backward) at a very steep
angle of close to 60°. None are complete but these are quite stout and apparently were
expanded distally. They appear to have terminated at the level of the neural spine
summit. T h e neural spine is a stout blade with an upright and very backward orientation. It is rectangular, thin transversely, and the summit is swollen both transversely
and longitudinally.
A complete sacral series is not known for Sauropelta. T h e type includes seven fused
segments of which the last four probably are true sacrals and the first three (and possible additional segments) are fused posterior dorsals. T h e posterior elements are moderately broad ventrally, the remainder are narrow and strongly rounded transversely.
Sacral ribs are evident in only four of the segments. Y P M 5102 is the major part of a
sacrum, including the neural arch pedicels and massive sacral ribs. Five segments are
present, all solidly fused. The most anterior segment may be a dorsosacral, but the
remaining four are true sacrals. T h e transverse widths of the centra increase markedly
from front to back, as does the diameter of the neural canal. The maximum diameter
of the latter occurs at the last sacral.
Silvisaurus is characterized by six sacrals and six additional segments fused into a
presacral rod. Gilmore (1930) described three sacrals, four presacrals and two sacrocaudals coalesced into a "synsacrum". This number corresponds with Nodosaurus
textilis as described by Lull (1921) but is three more than reported in Panoplosaurus
miris by Sternberg (1921) who recognized four sacrals, one dorsosacral and one sacrocaudal. Obviously, there is considerable variation in sacral count (or interpretation)
within the Nodosauridae, and the incomplete remains of Sauropelta presently prevent
establishment of sacral count in this genus.
Thirty-nine caudal vertebrae (Plate 2 3 : B-E) are preserved in the type specimen,
but the series is incomplete with an unknown number of segments missing from the
extremity and within the series. Unfortunately, field data again are not available and
the original sequence of these vertebrae is unknown. Seventeen bear prominent to very
long transverse processes; the remainder lack this structure and are clearly distal segments. All caudal centra are amphiplatyan with the anterior face slightly concave.
Proximal caudal centra are short but high and broad, the breadth being slightly
greater than the height. Centra faces are nearly circular. Long, stout, rodlike transverse processes project out and downward from the most proximal caudals. These
become nearly horizontal in succeeding segments. T h e neural arch is low and robust
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and bears a short, massive neural spine that is inclined up and backward (the anterior
margin being concave) and terminates in a prominent knob. Both pre- and postzygapophyses overhang the centra faces and the anticular facets are inclined (45°) and
separated at the midline.
Distal caudals are much longer than they are wide or high, and centra are distinctly
hexagonal in end view. T h e lateral surfaces are often marked by several slight, longitudinal ridges, and the ventral surfaces consist of a deep, narrow midline groove bordered by prominent lateral ridges extending between anterior and posterior chevron
facets. T h e neural arch is low and extends over one half to two thirds of centrum
length. Neural spines are thin and diminish from short bladelike structures to low,
caudally projecting triangles. In anterior caudals, the articular facets for the chevrons
occur as prominent ventral projections only at the rear margins of the centra. In posterior caudals, chevron facets occur at both anterior and posterior margins but the
latter are most prominent.
T h e chevrons are short, massive blades that occasionally fuse to the centrum anterior to it.
Ossified tendons are preserved in contact with several dorsals and caudals in the
Yale collections, but in each instance they are fragmentary and nothing can be said
about their frequency, arrangement or distribution along the vertebral column. T h e best
evidence of tendons is preserved on both sides of the neural arches of the sacrum Y P M
5102, but again the evidence is fragmentary. These are rodlike ossifications, probably
of the epaxial musculature, and presumably they extended along the vertebral column
from the anterior or middorsals to at least midtail.
Ribs. T h e dorsal ribs are well represented in the type specimen, as well as in the
Yale collections from localities Y P M 63-18 and 63-19. None of these are fused to the
dorsal vertebrae, contrary to the usual condition in nodosaurs. All appear to have been
massive and T- or L-shaped in cross-section, and all are double-headed. Cervical ribs
are short and Y-shaped.
Shoulder girdle. The shoulder girdle elements (Plate 24: A and B) are damaged
and incomplete in the type specimen, but the right side is preserved in A M N H 3035
and several scapulo-coracoids are represented in the Yale collections. T h e shoulder
girdle appears to have consisted only of a very massive, fused scapulo-coracoid, as no
evidence of either sternals or clavicles (see Russell, 1940) has been recognized. The
scapulo-coracoid consists of a short, strongly curved, thick scapula and a very large,
crescentic coracoid. Both elements are very massive but particularly so at the glenoid.
For example, in A M N H 3035 the transverse thickness of the scapula at the glenoid is
approximately 12 cm and the least width of the scapular blade is 10 cm (maximum
width is 16 cm at the extremity). A robust, knoblike acromion process projects forward and laterally from the upper proximal external surface of the scapula, directly
above the rear margin of the glenoid. T h e scapular blade thins slightly distally and
curves strongly downward. Internally its surface is strongly concave.
T h e coracoid is firmly fused to the scapula with all signs of the suture obliterated.
T h e margins are moderately thick, but maximum thickness of 11 cm is attained adjacent to the glenoid. T h e coracoid foramen is large and oval and extends inward and
backward from the external surface. In general form, the scapulo-coracoid is nearly
identical to those of most nodosaurs and particularly that illustrated by Sternberg
(1921) of Panoplosaurus.
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Fore limb. As in all nodosaurs, the humerus of Sauropelta is a short and very massive bone (Plate 24: C and D ) . Both humeri are present in the type; the left is also
present in A M N H 3035, and numerous others are represented in the Yale and American Museum collections. In addition to its massive form, the most distinctive feature
of the humerus is its short length relative to that of the femur. In the type specimen,
the humerus is approximately three quarters the length of the femur (0.72 to 0.77).
T h e shaft is nearly straight and is marked by a very long, stout deltopectoral crest
along its proximal half that apparently extends forward nearly perpendicular to the
long axis of the distal extremity. T h e head is robust and subspherical, projecting back
well behind the shaft in a direction perpendicular to the long axis of the distal extremity. T h e distal condyles are large, the external condyle being the larger. The two
condyles are separated by a broad, shallow groove distally and anteriorly and there is
a moderate ectepicondyle that projects approximately 5 cm beyond the lateral condyle. Aside from the massive proportions, the most important feature of the humerus
is the fact that the distal extremity is not twisted with respect to the proximal end.
T h e plane of the external and internal condyles, which must be perpendicular to the
plane of elbow flexion, is also perpendicular to the axis of the humeral head. This
means that the humerus could not have been held in a horizontal attitude, as maintained by Nopcsa (1928b) for Scolosaurus and by Russell (1940) for Edmontonia. It
is quite obvious that the plane of flexion and extension of the elbow is very nearly coincident with the plane of extension and retraction of the humerus in the glenoid.
Hence the fore limb could not have functioned in the sprawling manner of a lizard
or salamander but must have been maintained in a near vertical or upright position
beneath the glenoid.
Both ulnae are preserved in the type specimen, also in A M N H 3035, and in numerous other American Museum and Yale specimens. The ulna (Plate 24: E and F) is
very robust proximally with a massive olecranon projecting well above the humeral
articular facet. Distally, however, the shaft tapers abruptly and the distal end is rather
narrow transversely and of only moderate (10 to 11 cm) longitudinal diameter.
Both radii of the type specimen and that of A M N H 3035, together with several in
the Yale collections, reveal this bone as a short, massive and cylindrical bone with
broadly expanded, flaring extremities (see Plate 24: G ) . T h e shaft is straight and
robust. T h e proximal end flares out abruptly in all directions and terminates in a
broad, oval, slightly concave surface. T h e distal end flares out gradually to a broad,
convex articular condyle.
T h e carpus is not known, but the left manus is represented by five metacarpals,
seven phalanges and three poorly preserved hooflike unguals. Data regarding the relationships of these elements are not preserved, and no phalangeal formula can be
given. T h e metacarpals tentatively are identified from shortest to longest as follows:
I, I I , I I I , V and IV. Attempts to identify the phalanges on the basis of articular fits
suggest that the proximal phalanges of all five digits are present, plus the second
phalanges of I I I and IV. T h e unguals appear to be those of II, I I I and IV. If these
identifications are correct the phalangeal formula would seem to be 2-3-4-3-2 or 3.
T h e metacarpals are quite massive, except for the first and fifth, but are considerably
less massive than the metatarsals. T h e phalanges are broad but short—sometimes very
short. The unguals are broad, flat and bluntly rounded.
Pelvic girdle. T h e type specimen includes most of both ischia (Plate 25: A, B and
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G) and ilia, but the pubes are not preserved. A solitary right pubis (Plate 25: D, E
and F) is known (YPM 5141) from Yale locality YPM 63-16, as well as several incomplete ischia (YPM 5101 and 5141 from localities YPM 63-19 and 63-16, and YPM
5513 from YPM 63-20).
The ilia are greatly expanded plates of bone that extended far laterally from the
sacrum in a nearly horizontal plane, as in Nodosaurus, Polacanthus and presumably
all nodosaurs. In the type specimen neither ilium is complete and both are distorted,
but the general form corresponds approximately to that figured for Dyoplosaurus by
Parks (1924). It is best described as a massive, broad, triangular bone, oriented close
to the horizontal. It has a short, massive posterior blade and a very long, narrow and
thin anterior blade that extends forward, and slightly out and downward. This anterior process apparently conformed to the external body profile (as presumably did the
nearly horizontal proximal region of the ilium), because toward the extremity it curves
from the horizontal to an inclined plane 30 to 40° from the horizontal. No evidence
to this effect is preserved, but presumably this anterior process was contacted by one
or more transverse processes of the several dorsosacral vertebrae that fused to the
sacrum.
The acetabulum, which is closed, consists of a large, massive, ventrally directed
cuplike socket on the underside of the ilium. It is nearly completely surrounded by
stout, ventrally projecting walls of bone. The ilia are fused to the sacral vertebrae by
four massive sacral ribs that attach in the region of the acetabulum. The region between the acetabulum and the sacral vertebrae is open above (i.e. there is no medial
expansion of the ilium) but presumably was covered with dermal scutes. The incomplete left pubis (the posterior blade is missing) measures 87 cm anterior to the center
of the acetabulum and approximately 40 cm in width lateral to the center of the
acetabulum. The external edge of the left ilium, lateral to the acetabulum, was more
than 70 cm from the sagittal plane. The right ilium appears to have had comparable
dimensions, the distance between the external margin and the center of the acetabulum is 45 cm, and the length anterior to that center is 90 cm. The length of the right
ilium is 129 cm.
The ischium is a relatively stout and long bone, broad and massive proximally and
thin and tapered distally. Its precise relationship to the ilium is not known but it apparently articulated with the ventral edge of the massive posterior-internal wall of the
acetabulum. The iliac peduncle is very stout and the pubic peduncle is moderately so.
Between these peduncles the ischium is deeply concave externally, and a thin bony
lamina extends between them. The maximum proximal dimension (longitudinal) is
in excess of 25 cm for the right ischium of the type, and more than 23 cm in YPM
5141. The shaft tapers distally to about midlength, at which point the maximum longitudinal dimension is 8.5 cm in the type. Just below midlength the ischium shaft
bends strongly downward at approximately 35 to 45° to the proximal shaft and tapers
further to 5 cm, just above the very slightly inflated distal extremity. The external
surface at midlength is marked by a long flat scar that probably is the origin site of
part of the M. pudo-ischio-femoralis. The ischium closely resembles that of Edmontonia rugosidens (USNM 11868) figured (as Palaeoscincus) by Gilmore (1930) with
the exception that the distal third is less tapered and more ventrally deflected in the
present species. In longitudinal profile the distal part of the shaft curves inward at
about 30° to the proximal part of the shaft, thereby placing the extremity in or near
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the sagittal plane. Rugose areas on the extremity indicate that the ischia were probably
joined by cartilage.
T h e pubis is known only from a nearly complete right pubis (YPM 5141) that
was found closely associated with a right ischium. As in all nodosaurs, the pubis is
greatly reduced to a very small triradiate, hook-shaped bone, measuring only 13.5 cm in
the present instance. T h e hooked or downcurved portion is quite massive and rugose and
represents the remnant anterior or prepubic blade. Posteriorly a stout, triangular-insection, rugose articular surface is the ischiac articulation. In the present specimen
(YPM 5141) this surface fits the pubic peduncle of the associated ischium almost perfectly (see Plate 25: G ) . A thin, narrow blade projects dorsomedially and backward
from the medial surface of the "prepubic process". This process, which represents the
postpubic process, expands into a broad blade distally and extends at least 10 cm
caudally. Dorsally a broad rugose area, at right angles to and adjoining the ischiac
articular surface, is the articular surface for the ilium. T h e internal surface, with the
exception of the postpubic process, is smooth. T h e external surface, however, is very
irregular and rugose, as are the adjacent surfaces of the ischium. These presumably
mark cartilaginous and ligamentous attachments along the inner wall of the acetabulum. Quite obviously the pubes did not meet in the midline, in view of the widely
spaced positions of the acetabulae. Aside from the dorsal rugosity mentioned above,
there is no clear evidence in presently known Sauropelta material as to the nature of
the pubis-ilium union, but I suspect that the entire upper margin of the pubis articulated with the ventral edge of the anteromedial wall of the acetabular cup, as seems
to have been the situation in Polacanthus ( B M N H R 1 7 5 ) , although both the pubis and
ischium are of quite different form in Polacanthus. T h e Yale specimen compares almost exactly with that of Edmontonia rugosidens (Palaeoscincus) illustrated by Gilmore (1930).
Eaton (1960) figured and described a small bladelike bone as the left pubis of
Silvisaurus on the grounds (in part) that it resembled the pubis of some other ornithischians—if the postpubic process were removed (italics mine). This bone resembles much more closely the sternal bone of some ormthopods, particularly that of
hadrosaurs (see Lull and Wright, 1942). Russell (1940) described a pair of nearly
identical bones in Edmontonia rugosidens as clavicles (clavicles have been reported by
Brown and Schlaikjer [1940] in Protoceratops), although he was unable to show how
they articulated. I am inclined to disagree with both identifications because of the
resemblance of these bones to ornithopod sternals, plus the fact that Eaton's bone does
not resemble in the slightest way any known ankylosaurian pubes. Eaton apparently
was misled by Gilmore's figure (1930, fig. 16) of what he interpreted as the right pubis
of "Palaeoscincus" ( = Edmontonia),
that illustrates the internal side—not the external side as stated in the caption. T h e error in the caption apparently led Eaton to
conclude that "Gilmore's bone can hardly be a pubis" because the figure shows a large
lateral process that Gilmore labeled as a "postpubic process". T h e supposed lateral
position of this bladelike process would have placed it projecting across the acetabulum—an impossible situation. Gilmore's text, however, clearly states that the postpubic process branches off the internal surface and extends backward and downward
(medial to the acetabulum).
As noted above, Gilmore's specimen is very similar to the pubis described here that
was found closely associated with and articulates perfectly with a right ischium. Thus
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the present material would seem to clear up any question that may have existed regarding the validity of Gilmore's identification. It also suggests that the element described by Eaton as the pubis of Silvisaurus probably is not that bone.
Hind limb. Most of the hind limb and pes elements (Plate 26) are known in the
type specimen and from isolated elements in the Yale collections. Only the astragalus
and calcaneum, a single ungual and the tarsals (if present) are not represented. T h e
femora of the type are long (76 to 77 cm) and quite robust (31.32 cm in minimum
shaft circumference) (see Plate 26: A and B ) . A stout, ellipitical head projects medially from a massive greater trochanter. There is little indication of a distinct lesser
trochanter. The fourth trochanter is represented by an elongated, irregular swelling
slightly above midlength of the shaft. T h e most distinctive feature is the very robust
form of the distal end of the femur, with large, well-rounded internal condyles. These
project far backward and are separated both distally and posteriorly by a deep intercondylar groove.
T h e tibia (Plate 26: C and D) is similarly robust and long, measuring 57.5 cm
(left) in length and more than 26 cm in minimum circumference. T h e proximal end
is greatly expanded in correspondence with the femur (minimum circumference is 67
cm) and the distal end is transversely expanded. T h e cnemial crest is short and not
very prominent. A broad external concavity proximally and a faint flattened surface
distally mark the areas of fibula apposition.
T h e fibula is a slender, slightly curved, compressed cylinder. Neither end is well preserved in the two fibulae of the type but both extremities were expanded. The length of
the type right fibula is 55 cm, only slightly shorter than the tibia (57.5 cm) (PL 27: A ) .
As noted previously, the tarsus is not known, but the pes is known from the nearly
complete right foot of the type. With the exception of the reduced splintlike fifth
metatarsal, the metatarsals are very robust. T h e third is the longest and the second,
fourth and first are progressively shorter in that order. No records are available of the
original arrangement of the 12 phalanges preserved, but the arrangement illustrated
in Plate 26, as determined by the best articular fit of the various bones, is a reasonable
pattern. It indicates a phalangeal formula of 2-3-4-4 or 5-0. T h e proximal(?) phalanges are the longest and most massive on each digit, with successive phalanges being
progressively shorter or more compressed. T h e unguals are broad, flat, only slightly
curved longitudinally and are rounded bones with rugose and irregularly sculptured
surfaces. T h e foot as a unit was short, broad and quite massive, but almost certainly was
not plantigrade.
T h e left foot is also present in the type specimen but very poorly preserved. It consists of five metatarsals, eight phalanges and four unguals. This would seem to confirm
a phalangeal formula of 2-3-4-4-0, but it does not eliminate the possibility of five
phalanges in the fourth digit. A M N H 3016, which includes parts of both hind feet,
suggests that the formula may have been 2-3-4-5-0. The left pes includes five metatarsals, ten phalanges and four unguals, the right pes includes five metatarsals, nine
phalanges and three unguals. If none of these are from the manus (and again no
quarry data are available to show preserved relationships), then the fourth pedal digit
clearly must have had five phalanges. Because no field data exist, this formula must remain as unconfirmed although probable for Sauropelta.
Dermal armor. A wide variety of dermal plates, spines, spikes and irregular ossifications are preserved in the type specimen and also in A M N H 3035, 3016, 3033 and
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5853, as well as numerous isolated elements from a large number of Yale sites (see
Plate 2 7 ) . These vary from small, circular to oval, fiat or slightly curved plates to
larger, oval, keeled plates, to triangular and strongly bladed or spined, or long thin,
sharp-crested blades with narrow elliptical bases. A few solid, oval to round-in-section
spikes—perhaps caudal spikes—are also known. All except the latter spikes show
some degree of external rugosities or irregular sculpture, as though they had been
covered in life by horny scutes. With the exception of the smallest oval, fiat plates, all
have distinctly concave to deeply hollowed inferior surfaces. This is most pronounced
in the high and narrow, sharp-crested blades.
T h e arrangement of the various dermal ossifications is not entirely known, but it is
preserved in part in A M N H 3035 and 3036. These specimens show that at least portions of the shoulders, back and flanks were veneered with a mosaic of scutes, plates,
spines and ossicles. The main plates and spines seem to have been arranged in transverse rows, with flat- or low-keeled plates near the midline and progressively more
strongly keeled and spined plates situated laterally. Some fusion of adjacent plates is
known, but the interspaces between major plates or spines appear to have been occupied by medium (4 to 5 cm) to small (1 cm) plates and irregular ossicles. The
arrangement of the long shoulder spines in A M N H 3035 is in contrast to that shown
by Brown (1908) for Ankylosaurus ( = Palaeoscincus). In the latter, Brown reconstructed several shoulder spikes as pointing forward and outward. In A M N H 3035,
comparable spikes point out, or backward and out—but none point forward. (The
same is true of the shoulder spines of Phrynosoma, Zonurus and Moloch illustrated for
comparison with Palaeoscincus by Matthew, 1922.) I suspect that the pattern of
A M N H 3035 is correct. Forward-directed shoulder spikes surely would have snagged
on brush and tree trunks and therefore would seem an improbable arrangement.
In most details the various dermal plates of Sauropelta resemble those of Nodosaurus, Edmontonia, Ankylosaurus, Hierosaurus, Stegopelta and Hoplitosaurus, as
well as those of Polacanthus. However, the present materials are less massive and considerably more concave or hollowed in the basal surfaces than are those preserved in
these genera.
DISCUSSION : The present state of our knowledge of the Ankylosauria is very poor, and
a modern systematic study is sorely needed. A large number of species have been proposed, most on very incomplete (and probably inadequate) material. In the following discussion comparisons are made with several of these taxa, but with the exception
of Hoplitosaurus I have made no judgment as to their validity; ankylosaurian systematics is outside the scope of this paper.
It is obvious that the suborder as a whole was extremely conservative. The dermal
armor, the morphology of the pelvic and pectoral elements, the form of cervical, dorsal and caudal vertebrae and the general design of the skull, jaws and dentition are
very similar in all forms. T h e most aberrant species, perhaps, is Silvisaurus condrayi.
This conservatism, together with the rarity of complete specimens, will make any
analysis of ankylosaurian systematics very difficult.
Among North American ankylosaurs, Silvisaurus (Dakota), Hoplitosaurus
(Dakota?) Stegopelta landerensis (Thermopolis) and Sauropelta (Cloverly) are the earliest known representatives. Nodosaurus textilis may also be of Early Cretaceous age,
from either the "Dakota" Sandstone or the Thermopolis or Mowry Shales east of
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Como Bluff, Wyoming, but the precise location and stratigraphic level have been lost.
Polacanthus, Hylaeosaurus and Polacanthoides of the Wealdon are the earliest known
European ankylosaurs. All other ankylosaurs apparently are of Late Cretaceous age.
Silvisaurus is clearly distinct from all nodosaurs in its small form, tapered skull, premaxillary teeth, long mandibular tooth row, depressed position of the orbits, covered
lateral temporal fenestra, the form of dermal scutes and spines, and the unfused ribs
and dorsal vertebrae.
T h e type (and only known) specimen of Hoplitosaurus, from an uncorrectable
stratigraphic horizon of restricted exposure in Calico Canyon near Buffalo Gap, South
Dakota (the same site that produced Camptosaurus depressus, U S N M 4753, mentioned on page 0 0 ) , in my opinion is completely inadequate and not diagnostic in any
way. However, there are some differences that set Hoplitosaurus apart from Sauropelta. The femur of Sauropelta is at least one third longer than that of Hoplitosaurus,
yet is less massive. T h e greater trochanter extends to a level even with the proximal
level of the head in Sauropelta, and the lesser trochanter is represented by a low crest
rather than a distinct process as in Hoplitosaurus. Also, the distal condyles are much
larger and project further backward in the present material. T h e distal end of the
humerus of Hoplitosaurus is not well preserved, but it appears to be far less robust
than that of Sauropelta and the condyles far less rounded. T h e solitary anterior caudal
vertebra present in the Hoplitosaurus type does not correspond to any of those of the
Sauropelta type ( A M N H 3032). Centrum height is greater than width, it differs
markedly in end view outline, the neural arch is relatively lower and the neural spine
curves up and back (anterior margin is convex). T h e dermal scutes and spines are
generally similar to those of Sauropelta, except that all appear to be more massive and
only three show even moderately concave inferior surfaces. None show the strongly
hollowed bases characteristic of most Sauropelta scutes.
These differences may not be great, but in view of the extremely fragmentary nature of the type specimen of Hoplitosaurus, it is impossible to define this genus. In my
opinion Hoplitosaurus marshi is a nomen dubium.
Until a thorough systematic analysis of the Ankylosauria is available, assignment
of Sauropelta must be considered as tentative. Present classifications generally agree
on a dual subdivision of the suborder into the primitive Acanthopholidae and the
more advanced Nodosauridae ( = Ankylosauridae of Brown, 1908). Some of the characters usually cited for the Acanthopholidae are:
Skull small and high, lateral temporal opening present but reduced, no preorbital
fenestra, occipital condyle deflected slightly downward, dermal covering thin, snout
tends to be narrow, no predentary, mandibular tooth row long, upper tooth row with
premaxillary teeth. Neck moderately long, atlas and axis unfused, dorsal ribs not fused
to vertebrae, caudal series unarmored, and chevrons not fused to centra. Ilium with
long preacetabular process, pubis somewhat reduced, acetabulum usually open and
femur slender. Body tends to be high and narrow and dermal armor thin, not coalesced, and rarely fused with ilium, ribs and vertebrae.
With a few exceptions, these characters are true of Sauropelta. T h e most important features would seem to be the very long mandibular tooth row (which we have
seen in Silvisaurus is matched by premaxillary teeth above), the unfused atlas-axis, the
failure of ribs and vertebrae to fuse, the long form of the femur, and the thin, unfused
nature of the dermal armor. Accordingly, Sauropelta has been referred to the Acan-
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thopholidae. For the same reasons, I believe that Silvisaurus should also be referred to
this family. Eaton (1960) noted that "Silvisaurus may be little changed anatomically
from the Old World acanthopholids . . .", but he preferred to assign his new genus to
the more universally distributed Nodosauridae. I prefer to extend the range of the
Acanthopholidae to the New World and to refer to it both Silvisaurus condrayi and
Sauropelta edwardsi.

5. FAUNAL COMPARISONS
There are relatively few terrestrial vertebrates known from the Lower Cretaceous of
North America. Prior to this study, published reports were available on fragmentary
vertebrate fossils from the Arundel Formation of Maryland, the Trinity Formation of
Oklahoma and Texas, the Lakota (?) of South Dakota, the Dakota of Kansas and the
Kootenai of Montana. T h e Arundel and Trinity Formations have produced more
than one or two taxa and will be considered in some detail here. T h e other three formations require only a few remarks as only one or two vertebrate specimens have
been reported to date.
Eaton (1960) described a partial skeleton of a primitive ankylosaur from the
Terra Cotta Clay Member of the Dakota Formation of central Kansas. This specimen
( U K M 10296), Silvisaurus condrayi, differs from Sauropelta in size, vertebral, mandibular and dental morphology and in the dermal armor. While I consider them distinct,
both Silvisaurus and Sauropelta are primitive and probably are closely related. The
fact that Silvisaurus has a longer tooth row than Sauropelta, extending almost to the
symphysis, suggests that it is more primitive but not necessarily of greater age than
Sauropelta.
Olson (1960) reported a pair of incomplete mandibles from the Kootenai of southwestern Montana (Toxolophosaurus
cloudi) which he identified as a trilophosaurid
protorosaur. Nothing comparable to this has been recovered so far from the Cloverly
Formation. T h e only other vertebrate remains that I am aware of from the Kootenai
is a partial skeleton of an ankylosaur collected by Barnum Brown near Great Falls,
Montana. This specimen ( A M N H 3075) has not been described, but personal examination has led me to conclude that it is quite inadequate and cannot be positively
referred to any presently known ankylosaur. It may be another specimen of Sauropelta,
but there is no dependable anatomical evidence. Consequently there is no reliable
vertebrate evidence to support equation of the Cloverly of northern Wyoming and
the Kootenai of central Montana. They may, at least in part, be equivalent, but more
data are required.
Two very fragmentary specimens were reported (Lucas, 1901, 1902; Gilmore,
1909) from a single locality in Calico Canyon, near Buffalo Gap, South Dakota. T h e
horizon has been considered of questionable Dakota age. One specimen (Hoplitosaurus marshi, U S N M 4752) has been described by Gilmore (1914) as a scelidosaurid
(Stegosauria), but Romer (1956, 1966), Huene (1956) and Lapparent and Lavocat
(1955) consider it a nodosaurid (Ankylosauria). There can be little doubt that it is
of ankylosaurian rather than stegosaurian affinity. However, the specimen is quite inadequate as a type specimen and could be referred to almost any ankylosaurian genus.
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It appears to be distinct from Sauropelta, but I nevertheless consider Hoplitosaurus a
nomen dubium.
The second specimen from Calico Canyon (Camptosaurus depressus, USNM
4753) is also very fragmentary. As I have commented elsewhere in this report, C.
depressus may be a valid taxon. It clearly .is distinct from Tenontosaurus tilletti and
may well be distinct from Morrison species of Camptosaurus. With such fragmentary
specimens it is impossible to make meaningful assessments as to affinities with Cloverly
taxa. Certainly there is no reliable evidence here for equating the Calico Canyon
stratum with the Cloverly Formation to the west.
These reports constitute the published record of Early Cretaceous vertebrate remains from the western interior with which the Cloverly fauna might be compared.

ARUNDEL FORMATION, MARYLAND

The first published records of fossil vertebrate remains from the Arundel Formation
were those of Johnston (1859) and Leidy (1865). They were followed by studies by
Marsh (1888, 1896b), Hay (1908), Lull (1911a, 1911b) and Gilmore (1920, 1921).
Although the Arundel collections included more than 100 specimens, they consist
entirely of isolated teeth, bones or fragments. Hatcher reported that "no two bones or
fragments of all that material collected from the Potomac beds [Arundel Formation]
in Maryland were found in such relation to one another as to demonstrate that they
belonged to the same individual. . . . the scattered and disarticulated state in which
[they were] found, must be constantly borne in mind." (Quoted by Gilmore [1921, p.
582].)
The fragmentary nature of the Arundel specimens has been a major source of
difficulty in interpreting this fauna and is the principal reason why the Arundel and
Cloverly faunas cannot be positively equated. The lists given below illustrate the
diverse interpretations of Marsh, Lull and Gilmore of the Arundel vertebrate fauna.
It is not appropriate to review here the details of these interpretations or the collections
on which they are based. They have been amply expressed by Lull (1911a, 1911b)
and Gilmore (1920, 1921). Although I am inclined to disagree with some of the
synonymies adopted by Gilmore (ie, Pleurocoelus = Astrodon) on the basis that there
is insufficient evidence, I will use the faunal list given by Gilmore (1921) in the
remarks that follow.
SAUROPODA: With the exception of several small (10 cm long) pleurocoelus vertebrae, the limited postcranial sauropod remains recovered from the Cloverly Formation
do not compare closely with the few comparable elements from the Arundel Formation. The Cloverly material is clearly from a much larger animal than any represented
in the Arundel collections. For example, the type tibia of Astrodon altus (USNM
4971), the larger of the two species established by Marsh (1888) in the Arundel, is
one third shorter than the tibia (YPM 5450) that we collected at Crooked Creek
(63.5 cm vs 98.5 cm), (compare Plate 14: B with Plate XVIII, fig. 3 of Lull, 1911b).
The dorsal vertebrae collected by us are considerably larger than any from the Arun-
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VERTEBRATE F A U N A OF T H E ARUNDEL FORMATION

Listed by Marsh, 1888
SAUROPODA

Listed by Lull, 1911

Listed by Gilmore, 1921

SAUROPODA

SAUROPODA

Pleurocoelus nanus

Pleurocoelus nanus

Astrodon nanus

Pleurocoelus altus

Pleurocoelus altus

Astrodon altus

Astrodon johnstoni

Astrodon johnstoni

THEROPODA

THEROPODA

THEROPODA

Allosaurus medius

Allosaurus medius

Dryptosaurus? medius

Coelurus gracilis

Coelurus gracilis

Coelurus gracilis

Creosaurus potens

Dryptosaurus? potens
Ornithomimus affinis

ORTHOPODA

Priconodon crassus

Priconodon crassus

ORTHOPODA

Priconodon crassus

Dryosaurus grandis
CROCODILIA

CROCODILIA

Goniopholis affinis
TESTUDINATA

TESTUDINATA

Glyptops caelatus

CROCODILIA

Goniopholis affinis
TESTUDINATA

Glyptops caelatus

del; the latter, which consist only of centra, are also too incomplete to be compared
adequately with the Cloverly specimens.
In contrast to the postcranial material, sauropod teeth from the Cloverly Formation compare very closely with teeth from the Arundel Formation. Both formations
have yielded only nonspatulate, simple cylindrical cones slightly compressed, curved
and twisted—the so-called Astrodon-type of tooth. Most of the small sauropod teeth
from the Arundel have been referred to "Pleurocoelus" (Astrodon nanus in Gilmore's
list) because they are smaller than the very similar type specimen of Astrodon johnstoni. No teeth are represented among the type materials of Astrodon nanus, but it is
obvious that the size differences could be ontogenetic. Compare the type of Astrodon
johnstoni in Plate 14: E with a typical "Pleurocoelus" ( = Astrodon nanus) tooth
shown in Plate 14: F. Collections from the Cloverly include both large and small teeth
that are remarkably similar to the type of Astrodon johnstoni and to the smaller teeth
referred to "Pleurocoelus" or Astrodon nanus.
It would appear from the dental evidence that one or more rather closely related
species of sauropod existed during Arundel and Cloverly times. T h e postcranial material does not contradict this, but the available material simply is not comparable.
THEROPODA: Gilmore recognized four theropod species in the Arundel fauna. All four
are based on extremely fragmentary remains that are impossible to compare ade-
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quately with our Cloverly collections. Dryptosaurus? medius is based on a single
tooth ( U S N M 4972), Dryptosaurus? potens on a single dorsal centrum ( U S N M
3049), Coelurus gracilis on an ungual phalanx ( U S N M 4973) and
Ornithomimus
affinis on an astragalus, fragments of metatarsals I I and I I I and five phalanges
( U S N M 5652, 5704, 5684, 5453, 6108, 5703, 8456 and 6107). T h e latter cotypes had
been used by Marsh (1888) in founding Allosaurus medius and subsequently were
referred by Lull (1911b) to his ornithopod species Dryosaurus grandis (leaving only
the tooth, U S N M 4972, as the type of A. medius). Gilmore (1920) established the
ornithomimid affinities of these foot bones.
In summary, the Arundel Formation contains one and perhaps two species of
large theropod, one small theropod species and one ornithomimid. The Cloverly
Formation contains at least one large theropod species (undefinable), one small theropod [Deinonychus), one very small theropod (Microvenator)
and an undefinable ornithomimid. Coelurus gracilis would appear to have been intermediate in size between
Microvenator and Deinonychus. T h e ungual morphology is quite similar to that of the
manual unguals of the latter (compare Plate 110, fig. 1 of Gilmore, 1921 with Plate
10: M of this report). On the basis of the metatarsal fragments, Ornithomimus
affinis
was slightly larger than the Cloverly ornithomimid (see Plate 11: F, G and H compared with Gilmore's Plate 113, fig. 3 and Plate 114, fig. 1).
ANKYLOSAURIA: A number of ankylosaur teeth, including a worn tooth that is the
type of Priconodon crassus ( U S N M 2135), have been found in the Arundel. T h e
number is small and most are stream abraded. Lull and Gilmore agreed that these
closely resembled the teeth of Palaeoscinus.
These teeth do not differ significantly from those of Sauropelta edwardsi of the
Cloverly Formation. However, the similarity does not necessarily indicate close affinities, for dental morphology in the Ankylosauria appears to have been quite conservative. It does, however, establish the presence of this group in both faunas (see
Plate 22: D, E and F here and Plate X X , fig. 5 of Lull, 1911b).
CROCODILIA: Lull (1911b) established a new species of crocodile, Goniopholis affinis,
designating a single tooth ( U S N M 8452) as the type specimen after comparison with
teeth from the Morrison Formation that were then referred to Goniopholis felix. Gilmore doubted the generic assignment of such meager materials.
T h e conical crocodilian teeth from the Cloverly Formation have the same ridged
and grooved enamel that is characteristic of those from the Arundel and that appear
to be characteristic of all "goniopholids". Beyond indicating the presence of what
could be similar crocodilians in both faunus, these remains have no real significance.
CHELONIA: Turtle remains from the Arundel Formation consist of two fragmentary
specimens, including the type ( U S N M 1930) of Glyptops caelatus. Perhaps the most
significant fact about this specimen is the absence of Naomichelys type of pustulose
ornamentation.
DISCUSSION: Although it cannot be established that there are any species or genera
that are common to the Arundel and Cloverly faunas, it is evident, even from these
fragmentary remains, that there is striking similarity between the two. Perhaps the
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most important similarities are in the "Astrodon"-toothed
sauropods, the ornithomimids, and the ankylosaurs. These similarities may be more apparent than real, but
this is the hazard of working with such limited evidence. T h e faunal similarities may also
be more ecologic than chronologic, except for the fact that the most common element
of the Cloverly fauna is not represented in the Arundel collections. Not a single scrap
is known of an ornithopod in the Arundel collections—now that Gilmore has shown
Lull's Dryosaurus grandis to be an omithomimid. Tenontosaurus is such an important
element of the Cloverly fauna that absence of all ornithopods from the Arundel must
have particular significance if the faunal similarities cited above are real.

T R I N I T Y F O R M A T I O N , T E X A S AND O K L A H O M A
Work is currently under way by B. H. Slaughter of Southern Methodist University
on the terrestrial fauna, particularly the microvertebrate fauna, of the Trinity Formation. The following remarks do not include data from Slaughter's studies, most of
which are not yet published. My comments are restricted to the few published records
and to two undescribed specimens, one in the collections of the J. Willis Stovall
Museum of Science at the University of Oklahoma and the other at the Field Museum
in Chicago.
Unfortunately, the published data have little or no relevance to the Cloverly fauna
as it is presently known. S. W. Williston (in Larkin, 1910) described a right coracoid
of an unidentifiable sauropod from near Caddo, Oklahoma and Stovall and Langston
(1950) described two partial skeletons of a large theropod, Acrocanthosaurus
atokensis from Atoka County, Oklahoma. T h e sauropod coracoid is not comparable to
sauropod remains from the Cloverly. On the other hand, at least one large theropod
is present in the Cloverly fauna, as shown by the large tooth (YPM 5377) illustrated
in Plate 20: N, and the unusual dorsal vertebra (YPM 5285) reconstructed in
Figure 6. The vertebral series of Acrocanthosaurus is not fully known, but the greatly
elongated neural spines of the known dorsals of the Trinity species are totally unlike
the short, wedge-shaped neural spine of Y P M 5285. Thus we may safely conclude that
the two are quite distinct.
T h e only other Trinity vertebrates reported to date are mammals and, in view
of the fact that mammals are not yet known from the Cloverly, of little value in faunal
comparisons.
T h e only reason for comparing the Trinity fauna with that of the Cloverly is the
existence of the two undescribed specimens mentioned earlier. T h e first is a nearly
complete and uncrushed skull of a medium-sized ornithopod that appears to be referable to Tenontosaurus tilletti. This specimen ( O U 8-0-S2) is presently being studied
by Dr. Wann Langston. T h e second specimen is a remarkably complete turtle that
appears to be referable to Naomichelys. This specimen is in the Field Museum collections ( F M N H PR-273). I have examined both specimens, and there is little doubt
in my mind that both are very close to, if not conspecific with, the Cloverly specimens.
Final assessment, however, must wait for detailed studies of these two specimens.
Despite that fact that the Trinity fauna is presently known from fewer taxa than
the Arundel fauna, there is significant unpublished evidence that the Trinity and
Cloverly faunas may be contemporaneous.
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W E A L D E N BEDS, E U R O P E
A thorough analysis of the vertebrate fauna of the Wealden of western Europe is
beyond the scope of this report. Consequently, the following comparison of the
"Wealden and Gloverly faunas must be considered with certain facts in mind. First,
with the exception of the multiple, articulated skeletons recovered at Bernissart, most
of the Wealden taxa have been proposed on the basis of very fragmentary remains
(even solitary bones and teeth). Second, a considerable bibliography has developed
over the last century relating just to questions of taxonomy and synonymy regarding
these classic Wealden fragments. Third, although most fossil vertebrate remains from
the Wealden have been recovered from relatively few locales (on both sides of the
English Channel), the stratigraphic relationships of these sites have not been established. For example: the stratigraphic relationships between the classic British localities on the Isle of Wight (that produced Hypsilophodon among other things) and the
Iguanodon coal mines at Bernissart, Belgium, are quite unknown. In view of the fact
that so many of the Wealden taxa are based on such fragmentary specimens, and
considering the unresolved problems of synonymy, I am restricting my comparison with
Cloverly taxa to very general observations. It is appropriate to make these comparisons
in spite of the difficulties because the Wealden and the Cloverly are the two most
productive terrestrial formations of Early Cretaceous age.
T h e following lists include the major elements of the Wealden vertebrate fauna.
They are not exhaustive lists, and no doubt a number of species have been omitted.
Time simply did not permit further search. Because we found no mammals or amphibians in the Cloverly Formation, those groups will not be discussed further.
SAUROPODA : T h e following species have been proposed for presumed sauropod remains
from the Wealden:
Cetiosaurus brevis Owen, 1842
Cetiosaurus conybeari Melville, 1849
Pelorosaurus conybeari Mantell, 1850
Pelorosaurus becklesii Mantell, 1852
Ornithopsis hulkei Seeley, 1870
Bothriospondylus elongatus Owen, 1875
Bothriospondylus magnus Owen, 1875
Chondrosteosaurus gigas Owen, 1876
Ornithopsis eucamerotus Hulke, 1882a
Pleurocoelus valdensis Lydekker, 1890
Titanosaurus valdensis Huene, 1929a
Cetiosaurus brevis was originally based on three dorsal and caudal vertebrae. These
clearly are not sauropod but Iguanodon, probably I. bernissartensis. Four referred
caudals ( B M N H 2544-2550), which are sauropod, were made the new type of
C. brevis—a procedure that I consider impossible. Melville (1849) subsequently designated the same four caudals as the type of C. conybeari. In the following year, Mantell
(1850) referred these vertebrae to his Pelorosaurus conybeari which he had based on
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a large humerus ( B M N H 28626). In 1852, M a n tell proposed a new species, Pelorosaurus becklesii, on the basis of a short, stout sauropod humerus ( B M N H R-1868).
T h e distinct differences between the long, slender humerus of P. conybeari and the
short, stout humerus of P. becklesii clearly establish the presence of two sauropod
species in the Wealden. T h e former may be a brachiosaurid, the latter appears to be a
titanosaurid. An interesting, and complicating, fact is that Mantell (1850) indicated
that the type caudals of C. conybeari ( B M N H 2544-2550) came from the same
quarry in the Tilgate Forest, at Cuckfield, Sussex as the type humerus of P. conybeari.
T h e type of Ornithopsis hulkei, a dorsal vertebra ( B M N H 28632), appears to be
brachiosaurid and may belong to the same species as the slender type humerus of
P. conybeari. Bothriospondylus
elongatus is based on a single, long, pleurocoelous
dorsal centrum ( B M N H 2239) which is not diagnostic. Bothriospondylus magnus is
based on the type vertebra of Ornithopsis hulkei ( B M N H 28632) and, as noted above,
is perhaps referable to Pelorosaurus and appears to have brachiosaurid affinities. T h e
two type cervicals of Chondrosteosaurus gigas ( B M N H 46869, 46870), which may
not belong to the same individual, are poorly preserved but appear closer to titanosaurids than to brachiosaurids. T h e type pubis and ischium ( B M N H R97) of
Ornithopsis eucamerotus may belong to one of the previously described Wealden
species, but this cannot be demonstrated with present material. T h e pubis is similar
to that of Titanosaurus, but the ischium is unique. It is a deep blade with a very sharp,
caudally directed curve at about midlength. This curve along the posterior margin
approximates 70° and is greater than in any other sauropod ischium that I am aware
of. Pleurocoelus valdensis is based on a single tooth that is remarkably similar to those
from the Arundel and Cloverly Formations, but little can be said about its true affinities. Titanosaurus valdensis is based on a single, very procoelous caudal vertebra
( B M N H R151) that strongly suggests titanosaurid affinities.
For the most part these type sauropod specimens from the Wealden do not compare closely with any of the Gloverly specimens. For example, the type humerus of
Pelorosaurus conybeari is of much more slender construction than that of the Gloverly
sauropod (YPM 5452, see Plate 14: C ) , and that of Pelorosaurus becklesii is much
too small. T h e ischium of Ornithopsis eucamerotus is not comparable to the Cloverly
ischia (YPM 5449). Lydekker's "neotype" caudals of Cetiosaurus brevis (= Cetiosaurus conybeari, B M N H 2544-2550) are similar to two anterior caudals (YPM 5199,
5104) collected at Crooked Greek (Locality Y P M 63-19) in Wyoming, but are slightly
more procoelous. Only the numerous "Pleurocoelus" or Astrodon-like teeth from the
Wealden compare closely with any sauropod remains from the Cloverly Formation.
Some are indistinguishable from Cloverly specimens. Unfortunately, this evidence can
not be assessed in terms of systematic relationships at the present time. It appears that
only the "Pleurocoelus" or Astrodon kind of sauropod teeth are known from Cretaceous strata; Camarasaurus or Apatosaurus teeth are unknown.

THEROPODA: T h e following species of Theropoda have been proposed, based on
various specimens, from the Wealden of the British Isles:
Calamospondylus oweni Fox, 1866
Poikilopleuron pusillus Owen, 1876
Thecospondylus horneri Seeley, 1882
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Megalosaurus dunkeri Dames, 1884
Aristosuchus pusillus ( O w e n ) , Seeley, 1887
Thecospondylus daviesi Seeley, 1888
Calamospondylus foxii Lydekker, 1889g
Megalosaurus ovueni Lydekker, 1889b
Calamospondylus oweni and Poikilopleuron pusillus were based on the same specimen,
five sacral vertebrae and part of the pelvis ( B M N H R178). In 1887 Seeley made
Poikilopleuron pusillus the type of his new genus Aristosuchus. Thecospondylus
horneri is based on the natural cast of a sacral vertebra ( B M N H R291) and is of indeterminate nature. Thecospondylus daviesi was established for two cervical vertebrae
( B M N H R 1 8 1 ) . These vertebrae have been referred to Coelurus but subsequently
were made the type of a new genus, Thecocoelurus, by Huene (1923). Calamospondylus foxii is based on two other very similar cervical vertebrae ( B M N H R 9 0 1 ) .
Lydekker later (1891) proposed the name Calamosaurus when he discovered that
Calamospondylus was preoccupied. Thecocoelurus daviesi and Calamosaurus foxii
may very well be synonyms, in view of the very similar form and size of the type
cervicals of each. The fact that the two type specimens do not include a common
segment makes formal action to this effect unwise. It is also my opinion that Aristosuchus pusillus ( = Poikilopleuron pusillus = Calamospondylus oweni) probably belongs to the same species. Thus, it is quite possible that only a single species of small
theropod is represented among all the fossil vertebrate remains presently known from
the Wealden Beds. These do not compare closely with any of the small theropods from
the Cloverly Formation (i.e., Deinonychus or Microvenator).
T h e pubis of Aristosuchus pusillus ( B M N H R178) appears to be the same size as that of Coelurus fragilis
(YPM 2010), but differs from that species in the nearly straight inferior margin of
the expanded distal pubic foot, compared with the strongly curved inferior pubic
margin in Coelurus. T h e vertebrae also compare closely in both form and size to those
of Coelurus fragilis (YPM 2010) from the Morrison Formation of southern Wyoming.
Two species of large theropods have been proposed for Buckland's (1824) genus
Megalosaurus (which is from the Stonesfield Slates rather than the Wealden). Megalosaurus dunkeri was based on a single tooth and M. oweni on three metatarsals
( B M N H 2559). T h e latter was originally figured by Owen (1872) as Hylaeosaurus,
but Hulke (1881) noted its distinctive form and Lydekker (1889b) assigned it to
Megalosaurus. These remains, plus additional referred materials, show the presence
of at least one species of large theropod in the Wealdon. These remains have been
referred to Altispinax by Huene (1923), which he characterized by very high-spined
dorsal vertebrae. If correctly referred to Altispinax, then the Wealden species do not
compare at all with the solitary low-spined vertebra (YPM 5285, see Fig. 6) from the
Cloverly Formation.

ORNITHOPODA: Ornithopods seem to be the best represented and most studied elements of the Wealden fauna. The following list summarizes the various ornithopod
species that have been proposed for Wealden specimens:
Iguanodon
Iguanodon

anglicum Holl, 1829
mantelli Meyer, 1832
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Streptospondylus major Owen, 1842
Cetiosaurus brevis Owen, 1842
Cetiosaurus brachyurus Owen, 1842
Streptospondylus recentior Owen, 1851
Stenopelix valdensis Meyer, 1859
Hypsilophodon foxii Huxley, 1870a
Vectisaurus valdensis Hulke, 1879
Iguanodon bernissartensis Boulenger, 1881
Iguanodon seeleyi Hulke, 1882b
Sphenospondylus gracilis Lydekker, 1888a
Iguanodon dawsoni Lydekker, 1888a
Camptosaurus valdensis Lydekker, 1889d
Iguanodon fittom Lydekker, 1889c
Iguanodon hollingtoniensis Lydekker, 1889c
Iguanodon atherfieldensis Hooley, 1925

With the exception of Stenopelix valdensis, I have seen the type specimens of all
of these species as well as numerous other referred specimens. I have also studied
the wax impression molds of parts of the type specimen of Stenopelix valdensis that
are currently housed in the collections of the Humboldt Museum in East Berlin. Although the 17 species were purportedly collected from the "Wealden" Beds, not all
were recovered from the same stratigraphic level. Nevertheless it is extremely improbable that such a large number of ornithopod species existed in western Europe during
Wealden time.
T h e nomenclature of Wealden ornithopods is in a chaotic state to say the very
least, yet materials do exist for resolving at least part of the present chaos by means of
modern multivariate analyses. T h e numerous specimens that have been referred to
various species of Iguanodon, or to some other relatively large ornithopod species,
indicate that the Wealden fauna included at least one, and possibly two species of
Iguanodon. One was large and robust and is typified by most of the specimens recovered from the Bernissart coal mine and now on exhibit in the Royal Institute of
Natural Science in Brussels. For the moment we may label this animal as Iguanodon
bernissartensis, as proposed by Boulenger in 1881. A second species, of smaller and
more slender stature, may best be represented by the solitary skeleton (IRSNB 1551),
currently referred to / . mantelli, or the slightly larger type skeleton of / . atherfieldensis
( B M N H R5764). One or both of these latter two specimens may represent female
specimens of I. bernissartensis, but a thorough biometric analysis is required before
this can be evaluated. If such studies were to show that the morphologic differences
between I. atherfieldensis ( B M N H R5764) or I. mantelli (IRSNB 1551) and I.
bernissartensis were probably sexual differences, Iguanodon mantelli would have
priority. However, the name Iguanodon is based on the teeth described by Mantell
(1825) and Mantell failed to supply a species name. Meyer's (1832) species "I. mantelli" was preceded by a brief description of Mantell's "type" teeth ( B M N H 2392)
by Holl (1829), in which he proposed the name Iguanodon anglicum. Thus, if it
were to be established that only a single species of Iguanodon was represented in the
Wealden, according to the rules of priority, Iguanodon anglicum would be the valid
name.
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At this point, it is important to note that no less than 13 of the 17 "species" listed
above could belong to just a single species of Iguanodon. After careful examination
of the type specimens (all of which are in the British Museum, with the exception of
I. bernissartensis), I believe the type specimens of I. anglicum,
Streptospondylus
major, "Cetiosaurus" brevis ( B M N H 2544-2550), Streptospondylus recentior, Iguanodon bernissartensis and Iguanodon atherfieldensis probably represent remains of a
single species. This conclusion has been reached with full awareness of the taxonomic
problems raised (for example, Streptospondylus major and Streptospondylus
recentior
are both based on the same solitary cervical vertebra [BMNH 2116]). I have chosen
not to try to resolve such matters here. A possible second species of Iguanodon may
be represented by the fragmentary remains from the lower Wealden Wadhurst Clay,
presently recognized in the type specimens of Iguanodon dawsoni (two dorsal and one
caudal vertebrae; B M N H R 7 9 8 ) , I. fittoni (a left ilium; B M N H R1635) and L
hollingtoniensis (a right femur; B M N H R1148). Sphenospondylus gracilis ( B M N H
142a,b,c,d), "Cetiosaurus" brachyurus ( B M N H 2109, 2151) and Iguanodon
mantelli
(as represented by the skeleton in Brussels, IRSNB 1551) may represent a third species
of Iguanodon. I. seeleyi may be a valid junior synonym of / . bernissartensis since the
latter was proposed without description or diagnosis. Thus there may have been one,
two or conceivably three species of Iguanodon during Wealden times.
T h e remaining four ornithopod species that have been proposed for Wealden
specimens appear to represent no more than three species. Hypsilophodon foxii has
been thoroughly analyzed by Galton (in press). Camptosaurus valdensis, an isolated
left femur ( B M N H R 1 6 7 ) , is considered a large individual of Hypsilophodon
foxii
by Galton (personal communication). Vectisaurus valdensis, based on a partial right
ilium ( B M N H R2497), a caudal centrum ( B M N H R2496), three dorsal vertebrae
( B M N H R2494, R2495) and two incomplete dorsal neural arches ( B M N H R2498,
R2499), all from the Wealden of Brixton, Isle of Wight, appears to be distinct from
both Hypsilophodon and Iguanodon, but additional material is required before this
can be certified. Stenopelix valdensis is comparable in size to the type specimen
( B M N H R196) of Hypsilophodon foxii. However, the wax impression of the right
ilium in the Humboldt Museum collections reveals a somewhat shallower posterior
blade and a distinctive downward-directed distal hook on the extremity of the anterior
iliac blade. Neither condition is present in the known Hypsilophodon specimens, but
it must be emphasized here that these features were observed on a wax impression of
the type specimen. According to the labels in the Humboldt Museum, the original
specimen is preserved in the "Gymnasium in Bucheburg", but I was not able to locate
it. The original type specimen consisted of both ilia and ischia, three or four posterior
dorsals, four or five sacrals and four caudal vertebrae, plus parts of the right tibia,
fibula and the right pes. Purportedly it was collected from the Hastings sand of the
Wealden Beds.
In the absence of the original specimen, my observations and conclusions regarding
this specimen can be only speculative. Stenopelix has been considered a hypsilophodontid by Nopcsa (1928a), Rozhdestvensky and Tatarinov (1964) and Romer (1966),
but Huene (1956), Romer (1956) and Colbert (1961) placed it in the Psittacosauridae. T h e former alignment seems rather unlikely in that the ilium is very shallow
from top to bottom in both the anterior and the posterior processes. In contrast, the
latter process seems to have been quite deep in Hypsilophodon. Also, both ischia (as
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figured by Meyer [1859]) seem to show the strong downward curvature characteristic
of ceratopsian (but not Psittacosaurus) ischia. Finally, the four metatarsals of the
right foot appear to have been subequal in length and robusticity—features that are
not typical of most ornithopods.
T h e evidence is aggravatingly inadequate, yet the sum total seems to favor psittacosaurian rather than hypsilophodont affinities. Relocation of the type specimen is
critical for further evaluation of Stenopelix.
In summary, an ultraconservative roster of Wealden ornithopod species might
include the following as morphologic—if not valid taxonomic—entities:
A robust Iguanodon ( = I. bernissartensis?)
A slender Iguanodon ( = / . mantelli?)
A Wadhurst Clay Iguanodon ( = I. dawsoni?)
Hypsilophodon
foxii
Vectisaurus valdensis
Stenopelix
valdensis
T h e last species may well be of psittacosaurian, if not ceratopsian, affinity rather than
ornithopod relationships.
O n e of the obvious similarities between the Wealden and Gloverly faunas is the
dominance of ornithopods and, specifically, the abundance of moderately large ornithopods. Although there are numerous similarities in the osteology of Iguanodon and
Tenontosaurus, there are also very significant differences in skull, dental, manus, pes,
pelvic, pectoral and vertebral morphology. These creatures were not closely related,
although at the present time they are perhaps best assigned to die same family.
T h e Cloverly Formation has not yet produced evidence of anything comparable
to Hypsilophodon, Stenopelix, or Vectisaurus. Despite the dominance of ornithopods
in both faunas, there is no evidence of very close phyletic relationship. One or more
species of large Iguanodon during Wealden times and a solitary species of Tenontosaurus in the Cloverly appear to be little more than ecologic equivalents.
ANKYLOSAURIA: Perhaps most important after ornithopod remains are those of ankylosaurians in the Wealden fauna. T o date, seven species have been proposed. These
are listed below.
Hylaeosaurus armatus Mantell, 1833
Hylaeosaurus oweni Mantell, 1844
Regnosaurus northamptoni Mantell, 1848
Iguanodon phillipsi Seeley, 1869
Priodontognathus phillipsi Seeley, 1875
Polacanthus foxii Hulke, 1881
Polacanthus becklesi Hennig, 1925
Polacanthoides ponderosa Nopcsa, 1929
As with the preceding categories, there are taxonomic and other errors within this
roster. First of all, Hylaeosaurus oweni is a junior synonym of Hylaeosaurus
armatus,
as they are based on the same specimen ( B M N H 3775), and as far as I know the
name armatus has not been invalidated. T h e type specimen of Regnosaurus
northamptoni consists of a midlength fragment of a dentary ( B M N H 2422) lacking teeth
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crowns. Although commonly referred to the Ankylosauria, apparently because of the
near-circular sections of teeth roots, the subquadrangular cross-section of the mandible, the very large Meckelian canal, the straight tooth row and the absence of superficial dermal ossifications seem to rule out this suborder. T h e alveoli are subequal in
size and many contain cylindrical, hollow roots. T h e tooth row appears to have been
nearly straight and aleveoli are closely spaced (1.0 to 1.5 m m a p a r t ) . T h e cylindrical
roots, close spacing and straight tooth row could be typical of an Astrodon or "Pleurocoelus" type of sauropod. Thus sauropod, rather than ankylosaurian, affinities are
possible, but the present specimen simply is not adequate for ordinal placement given
our current knowledge.
A maxilla fragment (SM B53408) originally described by Seeley (1869) and
named Iguanodon phillipsi, and later (1875) assigned by him to a new genus Priodontognathus, is equally difficult to place. Moreover, the specimen is from an unknown
horizon, although presumed to be from the Wealden. T h e fragment shows no dermal
sculpturing and contains no functional or fully erupted teeth in the 18 circular alveoli
preserved. Several unerupted replacement teeth have been exposed and these have
an acutely tapered, bladelike crown with the anterior and posterior margins strongly
serrated. The denticles vary in size but there is no indication of corresponding ridges
descending across the crown face. No cingula were observed. This specimen might be
referred to either Stegosauria or Ankylosauria but, unfortunately, it is of little value
in comparing the Wealden and Gloverly faunas.
Polacanthus foxii is based on a major portion of the posterior part of a skeleton
( B M N H R 1 7 5 ) , including ilia, ischia and pubes, five sacrals co-ossified with five
dorsosacrals, five incomplete dorsal vertebrae, both femora, the right fibula, several
tarsals and metatarsals, 18 caudal vertebrae and numerous dermal plates and spines.
Unfortunately, the specimen cannot be compared with the type specimen of Hylaeosaurus armatus ( = Hylaeosaurus oweni) ( B M N H 3775), which consists of the anterior part of a skeleton but no skull (right scapulocoracoid, ribs, three posterior
cervicals, three dorsal vertebrae and numerous dermal spines and plates). Although
they are from different localities (Barnes Chine, Isle of Wight and Guckfield, Sussex)
of undetermined stratigraphic relationships, I strongly suspect that the two specimens
belong to a single species. The type material of Polacanthoides ponderosus, a left tibia,
left humerus and left scapula ( B M N H 1107, 1106 and 2584), may also belong to the
same species, although there is some evidence to the contrary. T h e tibia compares very
closely to that of Polacanthus foxii, but the scapula is distinct from that of Hylaeosaurus. T h e latter bears a prominent, robust, thumblike acromion process, whereas
the scapula of Polacanthoides has a massive flangelike acromion expansion. If these
three elements are from the same individual, then Polacanthoides would appear to be
distinct from Hylaeosaurus.
As before, the fragmentary nature of most specimens that are the bases of Wealden
ankylosaurian species permits only the most qualified comparison with Sauropelta
from the Cloverly Formation. There are differences in the dermal armor of Hylaeosaurus and Polacanthus foxii from that of Sauropelta, and the scapula of Polacanthoides differs from that of the Cloverly species. Nevertheless, the two most complete
specimens from the Wealden (Hylaeosaurus armatus, B M N H 3775 and Polacanthus
foxii, B M N H R175) appear to be primitive—as is Sauropelta. However, without
additional material, particularly cranial material, the true affinities of the Wealden
ankylosaurs remain in doubt.
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STEGOSAURIA: This suborder is very doubtfully represented among the fossil vertebrate collections obtained from the Wealden Beds. Seeley (1874) established a new
species, Craterosaurus pottonensis, on a solitary dorsal neural arch that is presently
housed in the Sedgewick Museum at Cambridge, England. T h e specimen does resemble the tall, narrow arches of Stegosaurus, particularly in the height of the pedicels. However, this same condition is present in many ankylosaurs (such as Sauropelta
edwardsi and Polacanthus foxii), and it is quite probable that the fragmentary neural
arch that is the sole basis for recognizing the Stegosauria among Wealden vertebrates
(or among Cretaceous vertebrates for that matter) most probably is referable to the
Ankylosauria.
CROCODILIA: Currently, four species of crocodilians are known from the Wealden,
Crocodilus cultridens Owen, 1842 (based on a tooth), Goniopholis crassidens Owen,
1842 (a tooth), Goniopholis simus Owen, 1842 and Bernissartia fagesi Dollo, 1883.
T h e type specimen of the last (IRSNB 1538, the major part of a fine skeleton) and a
nearly complete specimen referred to Goniopholis simus (IRSNB 1537) were recovered from the Iguanodon level in the Bernissart coal mine and presently are displayed
in the Royal Institute in Brussels.
Crocodilian teeth, the majority of which are of the narrowly tapered cone shape
with fluted or grooved and ridged enamel, as in so-called Goniopholis teeth, are
known from many other Wealden sites. These are of no systematic significance,
though. Numerous indeterminate crocodilian scutes are also present.
T h e very fragmentary nature of most crocodilian remains from both the Wealden
Beds and the Cloverly Formation, together with the very unsatisfactory state of "goniopholid" systematics, make any meaningful comparison of Cloverly and Wealden
crocodilians impossible. All that can be said at this time is that both faunas include
possibly similar crocodilian elements.
CHELONIA: Thirteen chelonian species have been proposed for fossil turtle remains
recovered from the Wealden Beds. These are as follows:
Trionyx bakewelli M a n tell, 1833
Tretosternon bakewelli Mantell, 1833
Platemys mantelli Owen, 1842
Tretosternon punctatum Owen, 1842
Chelone costata Owen, 1853
Platemys dixoni Owen, 1853
Plesiochelys bullocki Rutimeyer, 1873
Tropidemys valanginiensis Rutimeyer, 1873
Chitracephalus dumoni Dollo, 1884
Peltochelys duchasteli Dollo, 1884
Hylaeochelys koeneni Lydekker, 1889e
Desmemys bertelsmanni Wegner, 1911
Brodiechelys brodei Nopcsa, 1928b
Helochelydra Nopcsa, 1928b
Only Peltochelys and Chitracephalus are based on reasonably complete specimens. T h e
other species are based on isolated fragments and are of doubtful affinities.
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Chelonian remains from the Cloverly are even less adequate than those of the
Wealden. Consequently, no significant comparisons can be made. O n e surprising coincidence, however, is the nearly identical pustulose ornamentation of both the carapace
and plastra of Naomichelys
and Tretosternon

speciosa from the Gloverly and Tretosternon

punctatum

bakewelli from the Wealden. It is unlikely that this is more than coin-

cidence but with the existing fragments no other interpretation is possible.

VERTEBRATE FAUNAS OF T H E WEALDEN AND CLOVERLY FORMATIONS

(From Casier, 1960; Clemens, 1963; C. Patterson, 1966; and others)
CLOVERLY

WEALDEN

Class Chondrichthyes
Order Selachii
Suborder Hybodontoidea
Family Hybodontidae
Hybodus basanus
Hybodus ensis
Hybodus parvidens
Hybodus brevicostatus
Lonchidion breve
Lonchidion
striatum
Lonchidion rhizion
Lonchidion
heterodon
Family Ptychodontidae
Hylaeobatis

ornata
Class Osteichthyes
Order Palaeonisciformes
Suborder Palaeoniscoidei
Family Coccolepidae

Coccolepis

macropterus
Order Semionotiformes
Suborder Semionotoidei
Family Semionotidae

Lepidotus
Lepidotus
Lepidotus
Lepidotus

mantelli
bernissartensis
brevifulcratus
arcuatus
Order Pycnodontiformes
Family Pycnodontidae

Coelodus
Mesodon

mantelli
bernissartensis
Order Amiiformes
Suborder Amioidei
Cloverly amioid
Family Caturidae

Callopterus insignis
Caturus tenuidens
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Family Amiidae

Amiopsis dolloi
Amiopsis lata
Family Macrosemiidae
Notagogus

parvus
Order Pholidophoriformes
Family Pholidophoridae

Pholidophorus

obesus
Family Pleuropholidae

Pleuropholus sp.
Order Leptolepiformes
Family Leptolepidae
Clupavus sp.
Order Clupeiformes
Suborder Clupeoidei
Family Chirocentridae
Pachythrissops sp.
Order Dipnoi
Family Ceratodontidae
Ceratodus

frazieri

Class Amphibia
Order Urodela
Family Proteidae
Hylaeobatrachus

croyi
Class Reptilia
Order Testudinata
Suborder Amphichelydia
Family Pleurosternidae

Desmemys bertelsmanni
Plesiochelys bullocki
Family Plesiochelyidae
Brodiechelys brodei
Hyaelochelys koeneni
Family Thalassemyidae
Tropidemys

valanginiensis
Family Apartotemporalidae

Chitracephalus

dumoni
Suborder Cryptodira
Family Glyptopsidae
Naomichelys speciosa
Glyptops pervicax
Family Dermatemydidae

Tretosternon
punctatum
Tretosternon bakewelli
Peltochelys duchasteli
Family Chelydridae
Helochelydra

sp.
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Family Testudinidae
Platemys
Platemys

Cloverly testudinid?

mantelli
dixoni
Family Cheloniidae

Chelone

costatus
Order Crocodilia
Suborder Mesosuchia
Family Goniopholidae

Goniopholis

Cloverly crocodilian

simus
Suborder Eusuchia
Family Hylaeochampsidae

Bernissartia fagesi
Order Saurischia
Suborder Sauropodomorpha
Family Brachiosauridae
Cetiosaurus

conybeari

Pelorosaurus

becklesii

Family Titanosauridae
Cloverly titanosaurid
Family incertae sedis
Ornithopsis hulkei
Bothriospondylus
elongatus
Bothriospondylus
magnus
Chondrosteosaurus gigas
Ornithopsis eucamerotus
Pleurocoelus valdensis
Titanosaurus valdensis
Suborder Theropoda
Family Coeluridae
Aristosuchus pussillus
Thecospondylus horneri
Thecocoelurus daviesi
Calamosaurus foxii

Microvenator

celer

Deinonychus

antirrhopus

Family Dromaeosauridae
Family Megalosauridae
Megalosaurus
Megalosaurus

oweni
dunkeri

Cloverly carnosaur
Family Ornithomimidae
Cloverly ornithomimid
Order Ornithischia
Suborder Ornithopoda
Family Hypsilophodontidae

Hypsilophodon

foxii
Family Iguanodontidae

Iguanodon bernissartensis
Iguanodon mantelli
Iguanodon dawsoni
Vectisaurus valdensis

Tenontosaurus

Family Psittacosauridae?
Stenopelix

valdensis

tilletti
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Suborder Ankylosauria
Family Acanthopholidae

Hylaeosaurus armatus
Regnosaurus
northamptoni
Priodontognathus
phillipsi
Polacanthus foxii
Polacanthoides ponderosus

Sauropelta

edwardsi

Suborder Stegosauria?
Family Stegosauridae?
Craterosaurus

pottonensis
Class Mammalia
Order Multituberculata
Family Plagiaulacidae

Loxaulax

valdensis
Order Pantotheria
Family Dryolestidae

Melanodon

goodrichi
Order Symmetrodonta
Family Spalacotheriidae

Spalacotherium

tricuspidens

DISCUSSION
One major difficulty in comparing the Wealden and Gloverly faunas is the great
discrepancy in the numbers of taxa that have been described from each. Sixty or
more species (excluding fish) have been proposed for the vertebrate remains from
the Wealden Beds, whereas only six are listed here from the Cloverly Formation.
(Evidence of perhaps seven or eight additional Cloverly species was deemed inadequate for founding formal binomials.) This discrepancy is easily explained: more than
a century of collecting from the Wealden Beds compared with slightly less than 40
years for the Cloverly, and the early tendency (obsolete but not entirely abandoned
even now) to propose formal binomials for even the most fragmentary remains.
When the Wealden list is considered carefully, with the object of eliminating all
possible synonyms, a greatly shortened faunal list results. T h e sauropod remains, for
example, include only one basic type of tooth, but there are two distinctly different
humeri (Pelorosaurus conybeari, B M N H 28626 and Pelorosaurus becklesii, B M N H
R1868). Similarly there appear to be two types of dorsal vertebrae
(Ornithopsis
hulkei, B M N H 28632 and Bothriospondylus
elongatus, B M N H 2239). All other
sauropod remains could conceivably belong to one of these two kinds. Thus there may
have been as few as two species of sauropods in the Wealden. There is evidence for
only one certain species in the Cloverly. T h e sauropod postcranial remains of these
two formations are not comparable, but the dental evidence is and indicates that the
Wealden and Cloverly sauropods may have been closely related.
T h e absolute minimum number of theropod species represented in the Wealden
evidence could be two—one small species {Calamospondylus oweni?) and one large
species (Megalosaurus dunkeri?) T h e Cloverly contains a minimum of four species:
one large species (undefinable), one ornithomimid, one small species
(Deinonychus
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antirrhopus),
and one very small species (Microvenator
celer). T h e relationships
between New and Old World theropods cannot be established.
T h e number of Wealden ornithopod species could be as low as four: Iguanodon
anglicum, Vectisaurus valdensis, Hypsilophodon foxii and Stenopelix valdensis. From
the Cloverly, there is evidence of only one ornithopod species, Tenontosaurus
tilletti,
unless some of the fragmentary remains of small individuals have been incorrectly
interpreted as juveniles. Tenontosaurus does not appear to be especially close to any
of the Wealden forms unless it be Vectisaurus (which conceivably could be either an
immature Iguanodon or a more Camptosaurus-like form). All that can be said here
is that both faunas included a moderate- or large-sized ornithopod, which appears
to be dominant in both.
T h e Wealden ankylosaur fauna is reducible to a minimum of two species on the
basis of the distinctly different scapulo-coracoids of Hylaeosaurus armatus and Polacanthoides ponderosus. Evidence of only one ankylosaurian species, Sauropelta edwardsi, is known from the Cloverly. All ankylosaurian remains from both units appear
to be primitive and are perhaps best referred to the Acanthopholidae.
T h e overall similarity in the general compositions of the Wealden, Cloverly and
Arundel faunas strongly suggests similar ages. These faunal similarities also reflect
similar ecologic factors, but the latter appear to be of secondary importance. No precise tally of numbers of individuals can be given, but even it if could, without precise
stratigraphic data it would have little meaning. However, having examined nearly
all of the specimens collected from these three formations, I have clear impressions
of the relative abundances of the tetrapod elements of the three faunas. Qualitative
though they are, the following summary suggests distinctive ecologies for all three:

Decreasing
Abundance

CLOVERLY

ARUNDEL

WEALDEN

Ornithopoda
Ankylosauria
Sauropoda
Theropoda
Crocodilia
Chelonia

Sauropoda
Theropoda
Ankylosauria
Crocodilia
Chelonia

Ornithopoda
Sauropoda
Ankylosauria
Theropoda
Chelonia
Crocodilia

In all three faunas, I estimate the most common group to be approximately five times
more abundant than the second most common group. In the Cloverly fauna, ornithopods outnumber all other elements combined and I suspect the same would be true
of the Wealden fauna. T h e total absence of ornithopods in the Arundel fauna, although negative evidence, takes on added significance in this light.

6. AGE OF THE CLOVERLY FORMATION
T h e discontinuous fossil record of terrestrial vertebrates and the rarity of Early
Cretaceous vertebrate remains in particular preclude precise dating of the Cloverly
Formation on the basis of its vertebrate fauna alone. Other evidence must be considered. Peck and Craig (1962) reported that the "Lower Cretaceous" nonmarine
sediments of Wyoming and adjacent states (Kootenai, Cloverly, Burro Canyon, Peterson, and Lakota Formations) contain ostracods and charophytes (Cyprideinae and
Clavatoraceae) that elsewhere (western interior, Gulf Coast region, Europe, Asia
and Africa) are of Aptian age. Unfortunately, no samples were available to them
from the Cloverly Formation within the Bighorn Basin. Cloverly samples that were
analyzed by them were collected from the Wind River Basin, the northwest flank of
the Wind River Mountains, the Jackson Hole area, the Rawlins uplift and the north
flank of the Uinta Mountains. Kootenai samples were obtained from southwest and
western Montana (Beaverhead and Powell Counties). Thus their samples that are
most relevant to this study were collected well outside of our study area. Consequently,
until similar analyses are made of the microfauna of the Cloverly Formation within
the Bighorn Basin area, we must consider Aptian as only a probable maximum age
for these strata. Whether the entire Cloverly sequence, from Unit I V to Unit V I I , is of
Aptian age is not known. It is of particular interest, however, that Peck and Craig
note that collections from the Cloverly "are mostly from calcareous clays associated
with the limestones of the middle variegated clay unit". This description seems to
correspond to our Unit V, rather than V I I , so it is conceivable that the upper part
of the Cloverly Formation is Lower Albian. T h e occurrence within our study area of
Inoceramus comancheanus and Haplophragmoides gigas (Eicher, 1962) in the upper
25 feet (7.6 m) of the Thermopolis Shale (as that unit was redefined by Eicher in
1960) establishes a minimum age limit of Middle Albian for the underlying Sykes
Mountain and Cloverly Formations.
As I noted above, two undescribed specimens from the Glen Rose Formation of the
Trinity Group of northern Texas appear to be conspecific with specimens from the
Cloverly Formation. One is a skull ( O U 8-0-S2) that seems referable to Tenontosaurus tilletti. T h e other is a complete turtle skeleton ( F M N H PR-273) referable to
Naomichelys speciosa. Unfortunately, precise stratigraphic data are not available for
these specimens, but both are recorded as from the Glen Rose Formation. Stanton
(1947), on the basis of numerous collections of pelecypods and gastropods from the
Trinity Group, has judged the Glen Rose Formation to be basal Middle Albian in
age. Thus the Glen Rose appears to be slightly older than the Thermopolis Shale
and younger than the ostracod-charophyte faunas of middle or lower(?) Cloverly.
Both of the above specimens require careful study to ascertain whether in fact they
are conspecific with Cloverly specimens.
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Stanton's age for the Glen Rose corresponds with the Trinity placement given by
Stephenson et al. (1942) and is consistent with Wieland's (1931) belief that the
Trinity cycadeoids compare most closely with those of the lower Lakota. Thus, with all
due respect for our present lack of precise stratigraphic control of paleontologic sites
in both formations, it is probable that parts of the Glen Rose and Cloverly Formations
are temporal equivalents. T h e latter most probably is late Aptian (Unit V?) to Early
Albian (Unit V I I ? ) .
O u r present state of knowledge about Mesozoic tetrapod ecology and phyletic relationships makes it difficult to explain the differences between the Morrison and
Cloverly faunas. Moberly (1960) has presented important lithologic evidence indicating a significant change in the physical environment from Morrison to Cloverly time.
Thus, the Morrison to Cloverly faunal change could well be an ecologic, rather than a
simple evolutionary transition. The fact that few, if any, of the Cloverly taxa are
clearly derivable from Morrison species, together with the fact that the Cloverly
fauna is more closely allied with Late Cretaceous vertebrates than with those of the
Morrison (or Jurassic) (in Brown's opinion [1941a] and mine) indicates either immigration of a new fauna or a major temporal hiatus between the Morrison and
Cloverly faunas. If the Kimmeridgian age generally assigned to the Morrison fauna
is correct, a hiatus equal to most or all of Portlandian and Neocomian time exists—
an interval of perhaps 18 to 20 million years.
Marsh (1888) correlated the Arundel fauna with that of the Atlantosaurus beds
(Morrison Formation), as did Lull (1911a). This interpretation was based largely
on the presence of sauropod remains, which at that time were not known to occur
above the Jurassic in North America. Hatcher (1903) provided additional, but
doubtful, evidence for the correlation when he referred two pleurocoelous centra from
the "Atlantosaurus beds" on Sheep Creek, Albany County, Wyoming to Astrodon
(Pleurocoelus). Ample evidence now exists showing that sauropods survived to Late
Cretaceous times, and Hatcher's vertebrae are suspect and not positively referable to
any genus. Berry (1911), on the basis of the flora contained in the Patuxent Formation
(immediately beneath the Arundel Formation), concluded that these Maryland strata
were of Early Cretaceous age and equated the Patuxent with the Kootenai Formation
of Montana. In the same paper, he concluded that the Patuxent-Arundel flora and
fauna span all but the earliest part (Berriasian) of the Neocomian. Stephenson et al.
(1942) accepted this placement.
Allen (1955) and Hughes (1958) have concluded that the Wealden Beds range
from Berriasian at the base (Fairlight Clay) to Barremian or Lower Aptian at the
top (Upper Wealden Clay), encompassing the entire Neocomian of North American
terminology. This conclusion is based primarily on plant microspores and megaspores. Clemens (1963) found no evidence in the mammalian remains to challenge
this post-Tithonian pre-Aptian age for the Wealden Beds. T h e mammal remains are
from the Ashdown Beds (lower Wealden) and the Grinstead Clay (mid-Wealden).
Thus, the Wealden vertebrate fauna, which is chiefly from the Wadhurst Clay immediately overlying the Ashdown Beds and from the Wealden Clay, appears to be distinctly
older than the Cloverly fauna.
T h e probable ages of the Cloverly, Trinity, Arundel and Wealden strata are
summarized below.
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APPENDIX A
MEASURED SECTIONS
Multiplicity of definitions and inconsistent use of the terms "Cloverly"
and "Morrison" by both p a s t and current workers make it n e c e s s a r y to
provide careful comparisons of these applications and those used in
this report. The section on stratigraphy d i s c u s s e s this matter at length,
based on extensive field o b s e r v a t i o n s , and is supplemented by Charts
I through VII. In addition, the following 28 measured sections (Fig. 4)
are presented.
Each of the following measured sections is preceded by a brief
statement giving the location and other pertinent comments. Wherever
p o s s i b l e , parts of a section are equated with formal units proposed by
other workers. Many, but not a l l , of these sections were measured at
or in the-vicinity of fossil vertebrate s i t e s , the levels of t h e s e s i t e s
are indicated. I measured all s e c t i o n s , most with a Brunton c o m p a s s ,
others with a steel tape. All sections were measured at sites where
the strata were dipping gently or flat-lying. In all sections Unit VIII
was used as the uppermost datum and only the lower massive sandstone
was measured.

SECTION

1 - CODY,

WYOMING

Measured in the southwest-facing exposures 1.3 miles (2 km) south of
Cody on the e a s t limb of Horse Center Anticline. NE 1/4, Sec. 1 1 , T.
52 N. , R. 102 W. , Park County, Wyoming.

SYKES MOUNTAIN FORMATION:

Thickness
(ft)
(m)

11. Massive and thin-bedded quartz s a n d s t o n e , interbedded with o c c a s i o n a l , thin beds of d a r k - g r a y ,
fissile shale. Sandstone, medium- to fine-grained,
tan to buff on fresh surfaces, weathers to rusty
brown. Ironstone nodules and hematite staining
abundant, ripple marks and fucoid impressions common. Overlain by black fissile shale of Thermopolis
Formation (= Greybull s a n d s t o n e ? ; Sykes Mountain
Formation in part; Unit VIII of this report)
>32

> 9. 7
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CLOVERLY FORMATION:
10. Variegated c l a y s t o n e , reddish-brown to purple in
lower 60 feet (18. 3 m), grading to rusty red near
top. Silty throughout. Occasional discontinuous
6 to 10 inch (15 to 25 cm) sandstone l e n s e s .
C l a y s t o n e , non-stratified, mottled gray-green and
purple on fresh surfaces. Some polished pebbles
or s o - c a l l e d " g a s t r o l i t h s " , and satin spar. C h a l cedony, barite and calcareous concretions absent.
(=Himes Member of Cloverly Formation in p a r t ? ;
Unit VII of t h i s report)
9. Sandstone, fine- to medium-grained, m a s s i v e ,
parallel stratification. Iron-oxide pellets throughout, quartz and some feldspar. Buff to tan on
fresh s u r f a c e s , weathers tan to light brown.
(=Darton's b a s a l s a n d s t o n e ? ; Unit VI of this report)

Thickness
(ft)
(m)

82

25

8

2.4

8. C l a y s t o n e , variegated, purple to dark-gray in
upper half, p a s t e l to light-gray below. M a s s i v e ,
to poorly stratified. Weathers to "popcorn" surface; bentonitic, abundant chalcedony concretions,
white to orange satin s p a r , some selenite c r y s t a l s .
Occasional, discontinuous 6 to 15 inch (15 to 38 cm)
sandy zones and strata. Polished pebbles lacking.
(= Little Sheep Mudstone Member, Cloverly Format i o n ? ; Unit V of this report)
180

54. 9

7. Sandstone, quartz, c o a r s e - g r a i n e d , m a s s i v e , y e l low on fresh surface, weathers to yellow brown.
Forms prominent ledge h e r e , but is l e s s conspicuous at exposures 1 to 2 miles (1. 6 to 3 . 2 km) to
south

3

0.9

6. C l a y s t o n e , variegated, gray to p i n k i s h - g r a y , unstratified, gray on fresh surfaces. Some c h a l c e d ony concretions and at least one sandy zone

49

14. 9

MORRISON FORMATION:
5. Sandstone, white to buff, medium- to c o a r s e grained, quartz, clay pellets and occasional 0.25
to 0. 50 inch (0. 6 to 1.2 cm) pebbles. Massive
and strongly c r o s s - l a m i n a t e d , some strata 8 to 12
feet (2. 4 to 4. 1 m) thick. Some levels friable,
but generally well indurated. Iron staining and
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Thickness
(ft)
(m)
frequent ironstone concretions in upper 3 to 6 feet
(0.9 to 1.8 m). (Equated by Lee, 1927, with "lower"
Cloverly sandstone"; designated Unit II h e r e . ) . . . .
86

26. 2

4. C l a y s t o n e , c a l c a r e o u s , variegated-pink, reddishbrown, gray-green and light-gray with occasional
t h i n , t a n , medium-grained sandstone strata.
Chalcedony, and gypsum conspicuous by their a b s e n c e . Claystone poorly to unstratified and silty
throughout. (= Morrison Formation; part of Unit I
of this report)

107

32.6

3. Sandstone, massive and t h i n - b e d d e d , interbedded
with massive claystone and thin-bedded fissile
s h a l e . Sandstone fine-grained, quartz, white to
very light-gray. Shale and claystone light-gray to
gray-green. Entire sequence variable l a t e r a l l y . . . .

37

11.3

2. Concealed.

Apparently nonresistant claystone. . . .

257.640
12.2

SUNDANCE FORMATION:
1. Sandstones and s h a l e s , interbedded, g l a u c o n i t i c ,
containing abundant marine invertebrates, Gryphaea,
and belemnites. (= Upper Sundance Formation). . . . Not measured
Concealed

SECTION

2

-

MARQUETTE

CREEK

Measured in the prominent, north-facing e x p o s u r e s , 1.5 miles (2.4km)
south of the Hill r a n c h , 0. 5 mile (0. 8 km) e a s t of Marquette Creek.
SE 1/4, Sec. 21 and SW 1/4, Sec. 22, T. 51 N. , R. 103 W. , Park
County, Wyoming.
SYKES MOUNTAIN FORMATION:
8. Sandstone, thinly laminated to massive, interbedded
with thin layers of fissile black s h a l e . Sandstone
fine- to medium-grained, tan fresh, weathering to
brown. Ripple marks common. Ironstone concretions
present in overlying shale and s a n d s . (= Greybull
s a n d s t o n e ? ; Sykes Mountain Formation in part;
Unit VIII of this report)
> 6

>1.8
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CLOVERLY FORMATION:
7. C l a y s t o n e , variegated, maroon to red-brown, b e coming rusty toward top. Fresh surfaces purplegray with green mottling. Generally sandy. M a s sive to poorly stratified. Polished pebbles or
"gastroliths" frequent. (= Himes Member, Cloverly
Formation in part; Unit VII of this report)
6. Sandstone, olive-yellow, weathering yellow brown,
m a s s i v e , variably indurated, some c r o s s - l a m i n a tion, medium-grained, quartz, feldspar and white
chert. (= Darton's b a s a l s a n d s t o n e ? ; Unit VI of
this report)

Thickness
(ft)
(m)

48

1.5- 0. 53
0.9

5. C l a y s t o n e , variegated, gray to purplish, dark- to
light-gray on fresh surface. Unstratified, breaks
into irregular, "greasy"-surfaced c h i p s , bentonitic,
weathering to "popcorn"-covered s l o p e s . C h a l c e d ony concretions and pink to orange satin spar common. (= Little Sheep Mudstone Member, Cloverly
Formation; Unit V of this report)
86
4. Chalcedony z o n e , irregular concretionary m a s s e s
of purple, b l u e , white and yellow chalcedony and
barite in light-gray claystone. Forms prominent
ledge or caps small knolls. (= Unit V in part of
this report)

14. 6

24

26. 2

0. 61.2

MORRISON FORMATION:
3. C l a y s t o n e , variegated dark to light-gray, purplish
zones locally and conspicuous orange to r u s t yellow zone near top. Fresh surfaces dark-to lightgray, nonfissile and unstratified. Highly bentonitic. (= Unit III? of this report)
84
2. Concealed

4 8 - 14.660
18.3

1. Sandstone, m a s s i v e , c r o s s - l a m i n a t e d , mediumto c o a r s e - g r a i n e d , quartz and white chert, with few
pebbles. White to buff, weathers white to yellowish. Base concealed. (= Unit II? of this r e p o r t ) . . . .
42
Concealed.

25.6

12.8
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SECTION

3 -

S O U T H FORK C O A L

DRAW

Measured in the east-facing exposures at the west end of Thermopolis
Anticline, 1.5 miles (2.4 km) west of South Fork of Coal Draw, 11 miles
(17. 6 km) northwest of Thermopolis, Wyoming. SW 1/4 Sec. 27 and
SE 1/4 Sec. 28, T. 44 N. , R. 96 W. , Hot Springs County, Wyoming.

SYKES MOUNTAIN FORMATION:

Thickness
(ft)
(m)

13. Sandstone, tan to light-brown, with hematite s t a i n ing and ironstone concretions near top. Massive to
thin-bedded, abundant ripple marks, and fucoids.
Fine- to medium-grained, chiefly quartz grains.
Overlain by fissile black shales and thin sandstone
strata. (= Greybull s a n d s t o n e ? ; Sykes Mountain
Formation in part; Unit VIII of this report)
12.5

3.8

CLOVERLY FORMATION:
12. C l a y s t o n e , variegated, weathers maroon, purple,
rose and gray; gray to pink or purple-gray with
green mottling on fresh surfaces. Massive to poorly
stratified. Silty throughout, some polished pebbles.
(= part of Himes Member, Cloverly Formation; Unit
VII of this report)
22
11. Limestone, m a s s i v e , light-gray weathers white,
finely crystalline

10. C l a y s t o n e , variegated, weathering to maroon and
red brown, unstratified, forming s t e e p , fluted
s l o p e s . Polished stones or "gastroliths" p r e s e n t ,
but not abundant. Locality YPM 66-2 is located
near the middle of this claystone. (= part of
Himes Member, Cloverly Formation; Unit VII of
this report)
9. Claystone, variegated, weathers red to red brown
in lower half and purple, rose and nearly white in
upper part; generally medium-gray to yellow-gray
on fresh surfaces. Thin (6 to 10inch p. 5 to 25 cm]),
discontinuous, brown and white limestone strata
present locally. Chalcedony, barite and calcerous
concretions abundant throughout. Bentonitic, w e a thers to "popcorn" surfaces. (= Little Sheep Mudstone Member, Cloverly Formation; Unit V of this
report)

13

6.7

0. 3 0.9

37

11.3

22

6.7
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Thickness
8. Sandstone, m a s s i v e , weathers brown; p a l e green to light-gray on fresh s u r f a c e s , fine- to
medium-grained, quartz, white chert and some
black chert grains. Occasional coarse grains
but not conglomeratic, parallel stratification and
occasional cross-lamination. (= Unit IV? of
this report)

12.5

3.8

7. C l a y s t o n e , medium- to light-gray, with numerous
thin tan sandstone s t r a t a , and thin white limestone
layers. Conspicuous limestone concretion zone at
b a s e . Claystone grades into fissile dark shale
interbeds at top. (= part of Unit III of this report).

18

5. 5

6. C l a y s t o n e , green to yellow-gray, massive or unstratified. Fresh surfaces gray. C a l c a r e o u s , d i s continuous sandy zone near b a s e . (= part of Unit
III of t h i s report)

64.5 19. 6

MORRISON FORMATION:

5. Sandstone, weathers yellow brown, soft, friable,
poorly cemented. Quartz grains , medium-grained. .

2

0.6

4. C l a y s t o n e , sandy, g r e e n i s h - y e l l o w , m a s s i v e , unstratified; forms partly concealed slopes

13

3.9

3. Sandstone, m a s s i v e , weathers tan or white; white
and sparkly on fresh surface. Weathers into
rounded knobs and blocks. Quartz and white chert,
medium-grained. Not conglomeratic. Individual
beds up to 10 and 15 feet (3 and 4. 5 m) thick.
(= Unit II of this report)

48

14.6

2. Concealed

> 10 > 3

SUNDANCE FORMATION:
1. Sandstone and s h a l e , interbedded, glauconitic.
Occasional mollusc shells and belemnites
Concealed.

Not measured
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SECTION

4 - MUD

CREEK

Section measured in west-facing exposures 1. 5 miles (2.4 km) southe a s t of Mud Creek, just west of the head of Rattlesnake Gulch, 7 miles
(11.2 km) due west of Thermopolis. NE 1/4 Sec. 3 5 , T.43 N. , R. 96 W.,
Hot Springs County, Wyoming.
Thickness
SYKES MOUNTAIN FORMATION:
(ft)
(m)
12. Sandstone, yellow to t a n , medium- to fine-grained,
weathering "rusty" to brown, thin-bedded and m a s sive with ripple marks and fucoidal markings. Overlain by dark-gray to black fissile shale and ironstone lamina interbedded with t h i n , brown sandstone
strata. (= Greybull s a n d s t o n e ? ; Sykes Mountain
Formation in part; Unit VIII of this report)
> 10
11. Claystone and s h a l e , medium-gray to black, m a s sive below, becoming thin-bedded and fissile near
the top. Silty throughout. Weathers to "rusty"
color. (= Himes Member, Cloverly Formation in
p a r t ? ; part of Unit VIII of this report)

18

>3

5. 5

CLOVERLY FORMATION:
10. C l a y s t o n e , variegated, pink, lavender, and maroon
with gray or green mottling on fresh surfaces. Upper 3 5 feet (10. 6 m) generally more p a s t e l . M a s s i v e , unstratified, silty throughout. Polished pebbles common. (= part of Himes Member, Cloverly
Formation; Unit VII of this report)
9. C l a y s t o n e , variegated, gray to purple, bentonitic.
M a s s i v e , breaks into dark-gray irregular chips.
Chalcedony concretions abundant. (= Little Sheep
Mudstone Member, Cloverly Formation; Unit V of
this report)
8. Sandstone, fine-grained quartz, blocky and w e l l indurated. Light-gray on fresh s u r f a c e s , weathers
gray. Ripple marks prominent

65- 1 9. 8 -

32-

9.7-

12

0.30.6

MORRISON FORMATION:
7. C l a y s t o n e , variegated purple to red-brown, green
mottling prominent on fresh surfaces. Unstratified.
Calcareous. Infrequent satin spar, but apparently
lacking in chalcedony, barite and limestone concretions. (= Unit III? of this report)

26. 5
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6. Siltstone, s i l i c e o u s , white, sparkly, weathers
gray. Very well indurated.
5. C l a y s t o n e , lime-green to light-gray, silty at b a s e ,
weathers yellow to buff. Unstratified. (= part of
Unit III of this report).

Thickness
(ft)
(m)
1
0.3

7.5

2.3

4. Siltstone, white to gray, thin-bedded with o c c a sional 1 inch (2. 5 cm) stratum of sandstone.
Weathers buff. (= part of Unit II of this report).. .

13

3.9

3. Sandstone, coarse to fine-grained with an o c c a sional pebbly zone, m a s s i v e , strongly c r o s s - l a m i n a t e d , white to buff, weathers gray with some
yellow staining. Grains well-rounded, quartz,
some feldspar and white chert. Forms prominent
ledges. (= part of Unit II of this report)

32

9.7

2. Concealed —unknown t h i c k n e s s .
1.

C l a y s t o n e , gray to greenish, weathers a yellow
tan. Largely covered. Sandy. Some discontinuous sand strata 3 to 6 inches (7. 5 to 15 cm) thick.
Thickness unknown.

Concealed.

SECTION

5 - THERMOPOLIS

(I),

WYOMING

This section was measured on the west side of U. S. 2 0 , 3 miles (4. 8 km)
north of Thermopolis in the exposures of the road cut and along the ridge
to the west on the north limb of the Thermopolis Anticline. N 1/2,
Sec. 2 4 , T.43 N. , R. 94 W. , Hot Springs County, Wyoming.
SYKES MOUNTAIN FORMATION:
10. Sandstone, t a n to brown on weathered s u r f a c e s ,
buff to light-gray on fresh s u r f a c e s , m a s s i v e ,
becoming thin-bedded toward top. Ripple marked.
Fine- to medium-grained, chiefly quartz. Hematite staining and ironstone concretions in upper
levels. Overlain by interbedded black fissile
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Thickness
(ft)
(m)
shale and thin brown sandstone b e d s . (= Greybull
sandstone; Sykes Mountain Formation in part;
Unit VIII of this report).

9

2.7

17

5. 2

5

1.5

CLOVERLY FORMATION:
9. C l a y s t o n e , variegated, light-gray to pink-gray on
fresh surfaces with small patches of red-brown
mottling , weathers to pale maroon. Unstratified.
One foot (0. 3 m) thick pink-gray siltstone near
middle of unit. ( = part of Himes Member,
Cloverly Formation; part of Unit VII of this report).
8. Sandstone, m a s s i v e , medium-grained rounded
quartz. Conspicuous parallel stratification.
Weathers light brown, tan on fresh surface
7. C l a y s t o n e , variegated, lavender, maroon to r e d brown with green mottling on fresh s u r f a c e s , tan
to gray near top. Silty in lower 8 to 10 feet
(2. 4 to 3. 0 m). Sandy zone about 15 feet (4. 5m)
below top. Massive throughout. Polished p e b bles or "gastroliths " moderately abundant.
(= Himes Member, Cloverly Formation; Unit VII
of this report)

45.5 13.9

6. Sandstone, conglomeratic in lower half. White
to t a n , m a s s i v e , medium- to coarse-grained
quartz, quartzite and white chert. Conglomeratic
wedges increasingly abundant toward b a s e with
pebbles of quartzite and white chert up to 0. 5 inch
(1. 2 cm) in diameter. Some feldspar. (= Darton's
lower s a n d s t o n e , Cloverly Formation; Otter Creek
Sandstone ?; Unit VI of this report)

35

10.6

5. Conglomeratic s a n d s t o n e , m a s s i v e , dark-gray or
brown. Appears to grade abruptly into overlying
unit. Pebbles chiefly of black and brown chert,
some quartz, up to 0. 5 and 1 inch (1. 2 and 2. 5 cm)
in diameter. (= Pryor Conglomerate ?; Unit IV? of
this report)

15

4.5

162
Thickness
(ft)
(m)

MORRISON FORMATION:
4. C l a y s t o n e , sandy, g r e e n i s h - t a n and gray. Nonres i s t a n t and partly covered. Occasional indurated
sand strata 1 to 2 feet (0. 3 to 0. 6 m) t h i c k , all
apparently discontinuous. Claystone unstratified.
(= Unit III of this report)

91

27.7

3. Sandstone, brilliant white to yellow, quartz and
white chert in medium-sized grains. C h a l k y white grains of chert conspicuous. Entire unit is
m a s s i v e , with cross-laminations throughout.
Generally somewhat friable, weathering into smooth,
rounded, sloping surfaces and isolated p e d e s t a l s
and knobs. No conglomeratic zones noted. (= Unit
II of this report)
134

40.8

2. Concealed, thickness undetermined but in e x c e s s
of 10 feet (3.0 m)
> 10 > 3
SUNDANCE FORMATION:
1. Sandstone, glauconitic, weathering from pale green
to light brown. Marine invertebrate remains common
20 feet (6. 0 m) below top
Notmeasured
Concealed

SECTION

6 - THERMOPOLIS

(II),

WYOMING

This section was measured on the e a s t side of the Bighorn River directly
across from Section 5 , on the north limb of the Thermopoiis Anticline.
SE 1/4, Sec. 1 9 , T.43 N. , R. 94 W. , Hot Springs County, Wyoming.
The section is included here because it contains a sequence significantly different from that described in Section 5 slightly over a mile
(1. 6 km) away, a sequence that I believe provides the best evidence
for correlation of sections on all sides of the Bighorn Basin.
SYKES MOUNTAIN FORMATION:
9.

Sandstone, buff to gray on fresh s u r f a c e s ,
weathering tan to rusty brown. Massive and
thin bedded, f i n e - to medium-grained, predominantly quartz in well-rounded grains. Ripple
marks and fucoids common at various l e v e l s .
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Some hematite lamina and staining near top and
in overlying black s h a l e s and thin sandstone.
(= Greybull sandstone; Sykes Mountain Formation
in part: Unit VIII of this report)

Thickness
(ft)
(m)
8

2. 4

52

15.8

7. Sandstone, white to light-gray or t a n , massive with
c r o s s - l a m i n a t i o n s . Medium-to c o a r s e - g r a i n e d , conglomeratic in lower half. Chiefly quartz , white
quartzite and white chert and some feldspar. Almost
no dark grains or pebbles. We 11-cemented, forms
large blocks on lower s l o p e s . (= Otter Creek Sandstone ?; Unit VI of this report)
58

17. 7

CLOVERLY FORMATION:
8. Clay s t o n e , variegated, maroon, red-brown, lavender to gray, green mottling on fresh surfaces.
Sandy in upper half and near b a s e . Massive or unstratified. Polished pebbles infrequent. (= Himes
Member, Cloverly Formation; Unit VII of this report)

6. S h a l e s , dark-gray to gray-green and brown, thin
seams of coal and lignite s h a l e s , highly f i s s i l e .
(= part of Unit V? of this report)

12

3.6

5. Conglomerate, m a s s i v e , dark-brown, both on fresh
and weathered surfaces. Cross-laminations common.
C o n s i s t s of moderately well-rounded grains and p e b bles up to 0. 5 and 1 inch (1. 2 and 2. 5 cm) in d i a meter, of dark-gray to black chert, dark q u a r t z i t e ,
yellow-brown and white quartzite.
Less than 10%
of material is light-colored. Overall appearance
and composition very similar to those of the Pryor
Conglomerate. (= Pryor Conglomerate?; Unit IV of
this report)
28

8.5

MORRISON FORMATION:
4. C l a y s t o n e , greenish to light-gray, silty throughout with occasional thin sandstone strata. C l a y stone poorly stratified. Concretions lacking.
Fresh rock dark g r a y - g r e e n , breaking into irregular
c h i p s . Calcareous. (= Unit III of this r e p o r t ) . . . .

90

27.4
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3. Sandstone, brilliant white to pale-yellow or buff.
Medium-grained quartz and white chert. Chalkywhite grains of chert a prominent feature giving a
white "spattered" appearance to fresh surfaces.
Dark grains extremely rare. Weathers into smooth
m a s s i v e , rounded surfaces and isolated knobs.
(= Unit II of this report)
2. Concealed interval, apparently of nonresistant
lithology. Equals at least 10 feet (3 m)

Thickness
(ft)
(m)

45

13.7

> 10 > 3

SUNDANCE FORMATION:
1. Sandstone thin-bedded and glauconitic. Marine
invertebrate shells common in sands and shales
beneath

Not measured

Concealed

SECTION

7 - NOWOOD

CREEK

Section measured at limited exposures near ridge top 1 mile (1. 6 km)
west of Nowood Creek and "Orchard Ranch", Sec. 4 ( ? ) , T. 42 N. ,
R. 88 W. , Washakie County, Wyoming.
SYKES MOUNTAIN FORMATION:
3. Sandstone, light-gray, weathering tan to yellow,
fine- to medium-grained, sparkly, massive strata
c r o s s - l a m i n a t e d , ironstone nodules abundant in
upper part, overlain by thinly laminate fissile black
s h a l e . (= Greybull sandstone: Sykes Mountain
Formation in part; Unit VIII of this report)

15

4. 5

CLOVERLY FORMATION:
2.

Claystone, variegated red-brown to maroon-gray, unstratified, sandy. Polished pebbles or "gastroliths"
infrequent. (= Himes Member, Cloverly Formation;
Unit VII of this report)
33

1. Sandstone, white to yellow, fine- to coarse-grained,
conglomeratic in places, quartz, white chert. Friable, cross-laminated, exposures prominent. (= lower
sandstone, Cloverly Formation; Otter Creek Sandstone; Unit VI of this report)
76
Concealed.

10

23.2
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SECTION

8 - BIG T R A I L S ,

WYOMING

Section 8 was measured across the west limb of Bud Kimball Anticline,
0. 5 mile (0. 8 km) north of Nowood Creek, approximately 4. 5 miles
(7. 2 km) northwest of Big Trails, Wyoming. SW 1/4 Sec. 30, T. 45 N . ,
R. 8 7 W. and SE 1/4 Sec. 2 5 , T. 45 N . , R. 88 W., Washakie County,
Wyoming.
SYKES MOUNTAIN FORMATION:
12. Sandstone, tan to rust-brown, thin-bedded, finegrained, quartz dominant. Ripple marks and fucoids
common on nearly all exposed bedding planes.
Hematite staining prevalent. Overlain by dark-gray
fissile shale and thin dark-brown sandstone lamina.
(= Greybull sandstone; Sykes Mountain Formation in
part; Unit VIII of this report)

Thickness
(ft)
(m)

5

1.5

11. C l a y s t o n e , m a s s i v e , variegated, purple to graywhite, yellow near top. Sandy or silty throughout.
"Gastroliths" or polished pebbles common, c h a l c e d ony and barite concretions lacking. (= Himes
Member, Cloverly Formation?; middle shale member
of Darton's Cloverly Formation; Unit VII of this r e port)
35

10.6

10. Sandstone, m a s s i v e , yellow to t a n , fresh surfaces
yellow, medium- to c o a r s e - g r a i n e d , chiefly quartz,
some feldspar and white chert. Not conglomeratic.
Friable in p l a c e s , but generally well-cemented.
(= lower sandstone member of Darton's Cloverly
Formation?; Otter Creek Sandstone; Unit VI of this
report)

55

16.7

75

22.8

8. Sandstone, massive, white to buff, medium-grained,
quartz and white chert in well-rounded grains. Dark
minerals, negligible. Chalky white spots of chert
grains characteristic. Weathers into smooth, rounded
surfaces. (= Unit II? of this report)
15

4. 5

CLOVERLY FORMATION:

MORRISON FORMATION:
9. C l a y s t o n e , variegated, greenish-yellow, t a n , very
light-gray. Mas sive or unstratified, calcareous
and sandy. Some satin spar, but chalcedony and
barite concretions absent. (= Unit III? of this r e port)
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7. C l a y s t o n e , greenish-gray to gray. Silty throughout, weathers to soft, silty soil. Satin s p a r v e i n s
common. Calcareous

Thickness
(ft)
(m)
7

2.1

6. Sandstone, thin-bedded, white to light-gray, fineto medium-grained, chiefly well-rounded quartz.
Calcareous cement

4

1.2

5. C l a y s t o n e , gray or olive-green and yellow, sandy
throughout, massive to poorly stratified. O c c a sional calcareous nodules and some selenite c r y s t a l s . Exposures poor

15-

4. 5 -

6

1.8

4. Sandstone, dark-brown, fine- to medium-grained,
chiefly quartz grains. Resistant, a prominent ledgeformer at l e a s t locally. Massive bedding
3. Concealed. Restricted outcrops expose drab-gray
or gray-green claystone or sandstone. Sandstones
poorly cemented or restricted l e n s e s . This part of
the section forms low-angle slopes with thick
weathered mantle

5 8 - 1 7. 7-

2. Sandstone, gray, fine-grained and calcareous.
Thin-bedded, except for uppermost 1 to 3 feet
(0.3 to 0.9 m), which i s massive and moderately
r e s i s t a n t . Some glauconite, but quartz is dominant c l a s t i c element

11

3.3

SUNDANCE FORMATION:
1. Shale, sandy, glauconitic, thin-bedded and
f i s s i l e , calcareous. No marine shells at this
l e v e l , but abundant approximately 40 feet (12m)
below in coarse glauconitic sand

SECTION

9 - TENSLEEP,

Not measured

WYOMING

Measured across the nearly vertical section 1 mile (1. 6 km) due westof
Tensleep on the west side of Nowood Creek, north of U. S. 16, S W l / 4
Sec. 24, T.47 N. , R. 88 W. , Washakie County, Wyoming.
SYKES MOUNTAIN FORMATION:
9.

Sandstone, thin-bedded, light-gray, weathering
brown. Some c r o s s - l a m i n a t i o n s , ripple marks

167

and fucoidal markings common, fine- to mediumgrained, chiefly quartz. Iron-stained. Grades
into dark-gray and black shale and thin-bedded
sandstone lamina. (= Greybull sandstone; Sykes
Mountain Formation in part, ?; Unit VIII of this
report)

Thickness
(ft)
(m)

810

2.43.0

21

6.4

2

0. 6

6. Claystone, variegated, gray, green, lavender, redbrown, unstratified, silty throughout. Polished
pebbles moderately abundant. (= part of Unit VII
of this report)

31

9.4

5. Sandstone, fine to coarse-grained, conglomeratic
locally, particularly in lower third. Brilliant white,
sparkly, to light-gray. Quartz and white chert
abundant, some feldspar. Massive bedding, frequent c r o s s - l a m i n a t i o n s , well-indurated. Prominent ridge-former. (= lower sandstone of Darton's
Cloverly Formation; Otter Creek Sandstone; Unit VI
of this report)

61

18.6

75

22.8

3. Sandstone, yellow to white, medium-grained, chiefly
quartz and white chert. Some cross-laminations, m a s sive bedding. Friable. (= Unit II? of this r e p o r t ) . . .
12

3.6

CLOVERLY FORMATION:
8.

C l a y s t o n e , dark-gray, weathers light gray,
s i l t y , unstratified. Some carbonized plant r e mains and occasional polished pebbles (= part
of Himes Member, Cloverly Formation?; middle
clay member of Darton's Cloverly Formation; part
of Unit VII of this report)

7. Sandstone, light-gray to yellow, weathers brown
or t a n , fine-grained, s i l i c e o u s . Massive bedding.
(= part of Unit VII of this report)

MORRISON FORMATION?
4. C l a y s t o n e , variegated, greenish to yellow-tan in
upper part, orange to pale-red in lower part. Unstratified, nonfissile. Several 3 to 8 inch (7.5 to
20 cm) sandstone and siltstone l e n s e s , yellow or
tan in color. No chalcedony or barite concretions
evident. (= Unit III? of this report)
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Thickness
2. C l a y s t o n e , yellow to g r e e n i s h - g r a y , silty or sandy (ft)
(m)
throughout. Occasional thin yellow or buff s a n d stone l e n s e s . Claystone unstratified, c a l c a r e o u s .
No chalcedony or limestone concretions. Partly
concealed. (= Unit I? of this report)
130
39.6
SUNDANCE FORMATION:
1. Shale, g r e e n i s h - g r a y , f i s s i l e , with thin sand
lamina. Marine invertebrates abundant

SECTION

10

- HYATTVILLE,

Not measured

WYOMING

This section was measured on the e a s t limb of the Hyattville Anticline,
at the north end of the prominent ridge 0. 75 mile (1. 2 km) southwest of
Hyattville. N 1/2 Sec. 12, T. 49 N. , R. 90 W. , Big Horn County, Wyoming.

SYKES MOUNTAIN FORMATION:
7. Sandstone, yellow-brown or "rusty", thin-bedded
with thin interbeds of dark fissile s h a l e . Mediumgrained, quartz, with abundant ripple marks and
fucoids. Hematite-staining and ironstone lamina.
A ledge-former. Overlain by black s h a l e . (= Greybull sandstone; Sykes Mountain Formation in part;
Unit VIII of this report)

7

2.1

6. C l a y s t o n e , variegated, maroon to red-brown, purplegray in lower part. Unstratified, sandy in part.
Polished pebbles common. Chalcedony and barite
concretions lacking. Locality YPM 66-3 is located
in the lower third of this claystone. (= Himes Member, Cloverly Formation?; middle shale member of
Darton's Cloverly Formation; Unit VII of this report). 39

11.9

CLOVERLY FORMATION:

5. Sandstone, white to light-gray, m a s s i v e , mediumgrained, chiefly quartz with some feldspar, mica
and dark chert. (= Otter Creek Sandstone?; UnitVI?
of this report)

13

0. 30.9
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4. Clay s t o n e , v a r i e g a t e d , brightly colored, r e d ,
deep-maroon, red-brown and gray. Upper 20
feet ( 6 m) chiefly p a s t e l or light-gray weathering to "popcorn" surface. Sandy in p l a c e s ,
bentonitic in upper half. Chalcedony and barite
concretions frequent in upper 35 to 40 feet (10. 5
to 12.2 m), but appear to be absent below.
(= Little Sheep Mudstone Member, Cleverly
Formation?; Units V and perhaps ?Ill of this
report)

Thickness
(ft)
(m)

74

22.5

3. Sandstone, white to light-gray, m a s s i v e , fineto medium-grained. Chiefly quartz with some
white chert and feldspar. No conglomeratic or
pebbly zones found. W e l l - c e m e n t e d , a prominent ridge-former (= Unit II of this report)

31

9. 4

2. Concealed beneath valley alluvium.
appromimate

68- 20. 7-

MORRISON FORMATION:

Thickness

SUNDANCE FORMATION?
1. Sandstone, g l a u c o n i t i c , coarse-grained and
highly c a l c a r e o u s . Thin-bedded. Poorly e x posed. No marine invertebrates found in s i t u ,
but fragments of Gryphaea and belemnites are
scattered on surface

SECTION

11 - S H E L L ,

Notmeasured

WYOMING

This section was measured in the badlands 2 miles (3. 2 km) southwest
of Shell, Wyoming. N 1/2 Sec. 4, T.52 N . , R. 91 W . , Big Horn County,
Wyoming.

SYKES MOUNTAIN FORMATION:
12. Sandstone, massive, 1 to 2 foot (0. 3 to 0. 6 m) beds,
tan to yellow-brown, considerable hematite staining
and some ironstone concretions and thin lamina at top.
Medium- to fine-grained, quartz. Ripple marks common, some fucoidal markings. Weathers into rectangular blocks. (= Greybull sandstone; Sykes Mountain
Formation in part; Unit VIII of this report)
.„
12

. _
3.6

170
CLOVERLY FORMATION:

Thickness
(ft)
(m)

11. C l a y s t o n e , variegated, orange, red-brown and
maroon, yellow near top. Gray to purple-gray on
fresh surfaces with some green mottling. Sandy
throughout. Polished stones or "gastroliths" common. Unstratified. Two localities (YPM 62-4 and
62-5) are located in the lower part of this claystone.
(= middle shale member of Darton's Cloverly Formation: Hlmes Member, Cloverly Formation; UnitVII
of this report)
77

23.5

10. Sandstone, very thin or absent. Five to 6 feet (1. 5
to 1.8 m) thick at nearby exposures 300 yards (270 m)
to north and west. M a s s i v e , c r o s s - l a m i n a t e d , generally friable, but well-cemented at some l o c a l i t i e s .
Medium- to c o a r s e - g r a i n e d , chiefly quartz and feldspar, some dark minerals and white chert. (= lower
sandstone of Darton's Cloverly Formation; Unit VI of
0this report)
6

0
1.

C l a y s t o n e , variegated, dark-gray, pale-purple to
nearly white at top. Dark-gray on fresh surfaces.
M a s s i v e , breaks into irregular c h i p s . Bentonitic,
weathers to "popcorn" surface. Limestone and
chalcedony concretions abundant. Thin, white,
discontinuous limestone l e n s e s common, e s p e c i a l l y
to the north of section s i t e . Locality YPM 62-6 is
situated near the b a s e of this unit. (= part of Little
Sheep Member, Cloverly Formation; part of Unit V
of this report)
36
Fragmental tuff, white, fine-grained with infrequent
1 to 3 mm fragments. M a s s i v e , weathers to irregular, bright-white, knobby m a s s e s . Forms distinct
ledge
C l a y s t o n e , variegated, rose to Indian-red, dark
red-brown and dark-gray. Massive and silty
throughout. Occasional thin, white limestone
l e n s e s . Chalcedony and barite concretions and
selenite crystals abundant. (= part of Little Sheep
Mudstone Member, Cloverly Formation; part of
Unit V of this report)

11

3

0.9

42

12.8

171
Thickness
(ft)
(m)

MORRISON FORMATION:
6.

Sandstone, yellow to orange-brown, white on
fresh s u r f a c e s , m a s s i v e . Medium to c o a r s e grained with prominent c r o s s - l a m i n a t i o n s . Wellcemented at most e x p o s u r e s , but tends to be friable at some s i t e s . Quartz and white chert constitute 99% of grains. Weathers to smooth,
rounded s u r f a c e s , little jointing. ( = U n i t II? of
this report)

5. C l a y s t o n e , light-gray to blue-gray, dark-gray on
fresh surface. Massive and nonresistant. C a l careous in part. Chalcedony and gypsum rare or
lacking. (= part of Unit I of this report)

25

7.6

33.5 10. 2

4. Sandstone, m a s s i v e , and strongly c r o s s - l a m i n a t e d .
White or light-gray. Almost complete lack of jointi n g , weathering into large rounded m a s s e s
11

3.3

3. C l a y s t o n e , p a l e - g r e e n i s h - g r a y to yellow-gray.
Poorly exposed but appears to be unstratified and
not f i s s i l e . Color reminiscent of Sundance s h a l e s ,
but no marine fossils noted. Tentatively placed in
Morrison. (= Unit I ? of this report)

30-

9.1-

2. C o n c e a l e d , presumed to be similar to #3 above. . .

+
20-

+
6.1-

SUNDANCE FORMATION:
1.

Sandstone and s h a l e , interbedded. Sands coarse
and rich in quartz, glauconite and c a l c i t e . Shale,
greenish, thinly stratified and f i s s i l e . Some
levels nearly coquinoid
Not measured

Concealed.

SECTION

12 - S H E L L CREEK

DOME

Measured in "Devils Kitchen", 0. 25 mile (0.4 km) north of Shell Creek,
6 miles (9.6 km) northeast of Greybull, Wyoming. NE 1/4 Sec. 3 1 ,
T. 53 N. , R. 92 W. , Big Horn County, Wyoming.

172
Thickness
(ft)
(m)

SYKES MOUNTAIN FORMATION:
4. Sandstone, buff, weathering yellow or t a n , m a s sive bedding, we 11-indurated, medium-grained,
becoming thin-bedded upward with increasing
rusty to red-brown, overlain by ironstone-bearing
sandstones interbedded with black fissile s h a l e .
(= Greybull s a n d s t o n e , Sykes Mountain Formation in part; Unit VIII of this report)

5

1.5

CLOVERLY FORMATION:
3. C l a y s t o n e , variegated, gray, weathers tan in upper
20 feet (6. 0 m), lower 40 feet (12 m) mottled graygreen and maroon, weathering red brown, speckled
red, s i l t y , polished pebbles abundant, nonbedded
to poorly stratified, forms steep-rilled s l o p e s .
(= Himes Member in part, Cloverly Formation;
Unit VII of this report)
2. Sandstone, yellow, o l i v e , to green, weathering to
g r e e n , locally brown. Coarse-grained somewhat
friable quartz, feldspar in subangular g r a i n s ,
weathers into rounded knobs or pinnacles. C r o s s laminated. Locality YPM 62-10 is situated in the
upper few feet of this sandstone. (= Himes Member in part, Cloverly Formation; Unit VI of this r e port)

59

1315

18

3.94.5

1. C l a y s t o n e , dark-gray, weathering nearly white,
bentonitic, abundant chalcedony c o n c r e t i o n s ,
poorly stratified, breaks into irregular chips.
Largely concealed. (= Little Sheep Mudstone
Member, Cloverly Formation; Unit V of this report). > 9 > 2.7
Concealed.

SECTION

1 3 - C L O V E R L Y TYPE

SECTION

Measured at prominent bluffs along west side of Orville Leavett's reservoir
onFentonDraw, NW 1/4 Sec. 24, T . 5 4 N . , R. 92 W . , Big Horn C ounty,
Wyoming. There can be no doubtthat these exposures are those which Darton measured and used as the b a s i s for proposing the Cloverly Formation
(Darton, 1906: p . 52). The Cloverly Post Office, upon which the name was
based, was situated approximately 0. 75 mile (1. 2 km) to the e a s t .
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SYKES MOUNTAIN FORMATION:
7. Sandstone, gray and yellow-brown, weathering
buff to brown, fine- to medium-grained, s i l t y ,
massive bedding, becoming thinly bedded at top
and interbedded with fissile black s h a l e . Ripple
marks common.
Fucoids. (= Greybull s a n d stone; Sykes Mountain Formation in part; Unit VIII
of this report)
„
=

Thickness
(ft)
(m)

12

3.6

6. C l a y s t o n e , variegated, gray, t a n , c h o c o l a t e brown, maroon to purple and rusty-yellow. Generally light- to medium-gray on fresh surfaces
with green-gray mottling. Silty throughout with o c casional sand l e n s e s . Massive or unstratified,
except for some f i s s i l e , dark shale l e n s e s 2 to 4
inches (5 to 1 0 cm) thick in lower 15 feet (4. 5 m).
Lower 3 0 feet (9 m) forms s t e e p , fluted s l o p e s .
"Gastroliths" or polished stones dispersed throughout, but most abundant in middle 20 feet (6 m),
(= middle shale member of Darton's Cloverly Formation; Himes Member, Cloverly Formation; UnitVII
of this report)
48

14.6

CLOVERLY FORMATION:

5. Sandstone, maroon, medium-grained, chiefly
hematite-stained quartz grains. Weathers to
chocolate brown. M a s s i v e . (= part of Unit VI of
this report)
4. Sandstone, yellow to o l i v e - g r e e n , weathers to
yellow-brown or maroon brown near top. C o a r s e grained, angular grains of quartz, feldspar and
some dark minerals, pebbly in p l a c e s . Has d i s tinctive "salt and pepper" appearance. Massive
and strongly cross-laminated. Isolated dinosaur
bone fragments occur infrequently throughout the
upper 10 to 15 feet (3 to 4. 5 m) of this sandstone.
( = lower sandstone of Darton's Cloverly Formation;
Unit VI of this report)
3. Claystone, dark- to medium-gray, weathers to light
gray or nearly white. Bentonitic, weathers into lowrounded, vegetation-free mounds with "popcorn" surfaces. Chalcedony, barite and calcareous concretions very abundant, selenite crystals and satin spar

3.5

39

1.1

11.9

174
common. ( = Little Sheep Mudstone Member,
Cloverly Formation, in part; Unit V of this report
in part)
2. Fragmental tuff, light-gray, weathers brilliant
white and forms low-rounded mounds or benches.
Unstratified and very fine-grained with rare 2 to
3 mm fragments. Very conspicuous white chalkylooking band below vivid Cloverly bluffs. (= Little
Sheep Mudstone Member, Cloverly Formation in
part; Unit V of this report in part)

Thickness
(ft)
(m)
35- 10.6-

3

0.9

1. C l a y s t o n e , dark- to medium-gray, weathers to
dark gray green. Unstratified, bentonitic, weathers
to low angle "popcorn" s l o p e s . Chalcedony and
barite concretions p r e s e n t , but not common. Base
concealed. (= Little Sheep Mudstone Member,
Cloverly Formation in part; Unit V of this report in
part)
Concealed.

SECTION

14 - CEDAR

CREEK

Section 14 was measured in the exposures of the two prominent buttes
approximately 2 to 2. 5 miles (3. 2 to 4 km) northeast of the former Cloverly Post Office site , 3 . 5 miles (5. 6 km) e a s t of the type exposures. The
best exposures are just south of Cedar Creek and e a s t of the j u n c t i o n b e tween Cedar and Beaver C r e e k s . NW 1/4 Sec. 17, T.54 N. , R. 91 W. ,
Big Horn County. Wyoming. This section i s considered critical to the
general interpretations and correlations presented in this report b e c a u s e :
a) it includes more of the continental sequence than do the type exposures
3 miles (4.8 km) to the west; b) it includes a conglomeratic unit which is
identical in lithology and stratigraphic position with the typical Pryor
Conglomerate facies to the north; c) the level of this conglomerate
clearly e s t a b l i s h e s that it i s not an extension of the b a s a l , sometimes
conglomeratic sandstone described by Darton (1906).
SYKES MOUNTAIN FORMATION:
12.

Sandstone, thin-bedded to m a s s i v e , yellow-brown
or "rusty"-colored, fresh surfaces buff. Mediumto fine-grained, well-rounded quartz grains with
hematite staining. Ripple marks common on nearly
all bedding p l a n e s . Forms a r e s i s t a n t cap rock.

175

Overlain by "rusty"-weathering, black, fissile
shale with thin sandstone and ironstone laminae.
(= Greybull sandstone; Sykes Mountain Formation in part; Unit VIII of this report)

Thickness
(ft)
(m)

CLOVERLY FORMATION:
11. Clay s t o n e , variegated, gray, red-brown, maroon,
fresh surfaces purple-gray. Silty, with several
thin, brown sandstone l e n s e s . Polished pebbles
common. Forms s t e e p , fluted or rilled surfaces
conspicuous by their bright colors. (= middle
member of Darton's Cloverly Formation; Himes
Member, Cloverly Formation; Unit VII of this r e port)

42

12.8

10. Sandstone, olive to straw-yellow on weathered
s u r f a c e s , yellow on fresh surfaces. M a s s i v e ,
c o a r s e - g r a i n e d , small (0. 25 to 0.5 inch [0. 7 to
1. 5 cm]) pebbles locally. Chiefly subangular
quartz and feldspar, some quartzite , white chert
and dark minerals. Friable, breaks down easily,
forms s t e e p , smooth-rounded and rilled s u r f a c e s ,
often partly concealed. Prominent c r o s s - l a m i n a t i o n s . One to 2 miles (1.6 to 3.2 km) to the north,
becomes much thicker and well-indurated, forming
high, blocky, cliffed e x p o s u r e s , usually red to
yellow. (= lower sandstone member of Darton's
Cloverly Formation; Unit VI of this report)

35

10. 6

9. C l a y s t o n e , weathers light- to dark-gray, fresh
surfaces dark-gray. M a s s i v e , bentonitic,
weathers to "popcorn" surfaces. Chalcedony and
barite concretions abundant. (= part of Little
Sheep Mudstone Member, Cloverly Formation; part
of Unit V of this report)

11

3.3

8. Fragmental tuff, white, fine-grained with mediumsized fragments, light-gray on fresh surfaces.
Weathers to prominent bright white and persistent
knobby ledge. (= part of Unit V)

2

0.6

7. Claystone, variegated, orange, gray-purple, darkand light-gray. Poorly stratified, bentonitic, weathers
to extensive low-angle, vegetation-free, "popcorn"
slopes. Chalcedony and barite concretions common,

very abundant in lower and upper 20 feet (6 m).
(ft)
Selenite crystals and satin spar common. Abundant, unidentifiable bone fragments occur locally
in the upper 1 0 to 20 feet (3 to 6 m) of this c l a y stone. (= Little Sheep Mudstone Member, Cloverly
Formation; Unit V of this report)
58
6. C l a y s t o n e , variegated, white, light-gray, graygreen. M a s s i v e , sandy. No chalcedony or gypsum. (= part of Unit V?of this report)

8

5. Sandstone, white to light-brown, coarse-grained,
quartz. Cross-laminations , massive bedding.
Locally very friable

__
.

4. C l a y s t o n e , light-gray to nearly white. Unstratified, sandy. Nonresistant, partly covered. Very
similar to #7. Chalcedony concretions apparently
absent. (= part of Unit V? of this report)

18

3. Conglomerate and s a n d s t o n e , dark-gray to brown.
Massive throughout with prominent c r o s s - l a m i n a tions , upper 15 feet (4. 5 m) very coarse containing pebbles up to 0. 5 inch (1. 2 cm). Chiefly quartz,
dark-gray chert, brown chert and some white chert (?),
subangular to moderately rounded. Lower 3 to 5
feet (0. 9 to 1. 5 m) light gray to tan and non-pebbly,
medium-grained sandstone , white chert and quartz
grains predominate. Entire unit only moderately
well-cemented, but still forms r e s i s t a n t ledge. The
conglomeratic facies resembles typical Pryor Conglomerate lithology, but not a s coarse-grained.
Equated with Unit IV of this report. Lower sandstone
not separated from conglomerate by any c l e a r , persistent physical break at these exposures , but
superficially resembles Unit II a s exposed in the
Thermopolis area
18
MORRISON FORMATION:
2. C l a y s t o n e , variegated, light- to dark-gray, becoming pink to pale-purple in upper 20 to 25 feet (6 to
7. 5 m). Medium-gray on fresh s u r f a c e s , throughout.
Thin, discontinuous sandstone l e n s e s frequent.
Chalcedony and barite concretions abundant, some
selenite and white satin spar. Calcareous and
sandy. Base concealed. The famous Howe Quarry

177
Thickness
(ft)
(m)

of the American Museum occurs near the middle
of this c l a y s t o n e . (Tentatively assigned to
Unit III of this report, but may be part of Unit I ) . . . .

91

27. 7

1. Concealed interval, t h i c k n e s s in e x c e s s of
45 feet (13.7 m)

> 45 > 1 3 . 7

SUNDANCE FORMATION:
Sundance Formation not exposed in the vicinity of
these exposures, butinterbedded calcareous,
glauconitic and coquinoid sandstones and shales
are exposed beneath t h i s sequence approximately
2 miles (3. 2 km) to the southeast. Precise level
below #2 above not determined, but concealed
interval estimated at 45 to 75 feet (13. 7 to 23 m ) . .

SECTION

15 - CRYSTAL

Not measured

CREEK

This section was measured in exposures along the south side of the
South Branch of Crystal Creek, approximately 0. 75 mile (1. 2 km) southwest of the upstream limit of Cloverly outcrop. Sec. 8 ( ? ) , T. 55 N. ,
R. 92 W. , Big Horn County, Wyoming.

SYKES MOUNTAIN FORMATION:
4. Sandstone and s h a l e , interbedded. Thin-bedded,
ripple-marked, dark- to "rusty"-brown, finegrained s a n d s t o n e , heavily coated with dark
hematite alternating with thin seams of paper-thin,
f i s s i l e , dark-gray to black s h a l e . S e l e n i t e c r y s t a l s
and satin spar common in shale interbeds. Ironstone
concretions frequent at top. Overlain by "rusty"weathering , black s h a l e . (= Greybull sandstone;
Sykes Mountain Formation in part; Unit VIII of this
report)
13
CLOVERLY FORMATION:
3. C l a y s t o n e , variegated, yellow to gray, red-brown,
maroon and d e e p - p u r p l e , generally mottled, purplegray to gray-green on fresh surfaces. Sandy throughout, but occasional sandstone l e n s e s 2 to 8 inches
(5 to 20 cm) are present. Ironstone concretions

3.9

178
Thickness
(ft)
(m)

present at t o p , polished pebbles or "gastroliths "
frequent at all l e v e l s , selenite and satin spar
frequent in lower 35 feet (10. 6 m). Lower half
forms s t e e p , fluted slopes. Petrified wood o c curs locally at about 15 to 20 feet (4. 5 to 6 m)
above b a s e . Light-gray, bentonitic zone 4 to
5 feet (1.2 to 1.5 m) thick conspicuous at 12
feet (3. 6 m) above b a s e . (= middle shale member
of Darton's Cloverly Formation; Himes Member,
Cloverly Formation; Unit VII of this report)

52

15. 8

2. Sandstone, yellow to nearly w h i t e , weathers
buff to yellow, locally pink. Fine- to mediumgrained, well-sorted and rounded grains chiefly
of quartz, white chert and some feldspar.
Weathers into large rectangular b l o c k s , massive
bedding, some cross-lamination. (= lower s a n d stone member of Darton's Cloverly Formation;
Unit VI of this report)

27

8.2

1. C l a y s t o n e , light- to dark-gray, weathers to light
gray. Bentonitic, weathering to low-rounded hills
with "popcorn" surfaces. Some chalcedony c o n cretions and v e i n s . Base concealed. (= part of
Little Sheep Mudstone Member, Cloverly Formation; Unit V of this report)
> 28 > 8. 5
Concealed.

SECTION

16 - ALKALI

CREEK

This section was measured across the Cloverly-"Rusty Beds" hogback
of the e a s t limb of Little Sheep Mountain Anticline, just north of the
westernmost of three small reservoirs on Alkali Creek, 5 miles (8 km)
e a s t of Himes, in SE 1/4 Sec. 30, T. 55 N. , R. 93 W. , Big Horn County,
Wyoming.

SYKES MOUNTAIN FORMATION:
8. Sandstone, gray, weathering buff to rusty yellow,
coarse-grained, cross-laminated, massive-bedding, i r o n - s t a i n e d , ironstone concretion layers
prominent near top. Polished pebbles at b a s e .
( = Greybull sandstone; Sykes Mountain Formation
in part; Unit VIII of this report)

9.5

2. 9

179
Thickness
(ft)
(m)

CLOVERLY FORMATION:

7. C l a y s t o n e , gray, weathers buff at b a s e , becoming
red to maroon toward the top. Sandy, massive bedding, forms steep fluted s l o p e s . Polished p e b b l e s .
(= part of middle shale member of Darton's Cloverly
Formation; Himes Member, Cloverly Formation;
Unit VII of this report)
17.5

5.3

6. Sandstone, tan to gray, weathers to buff brown,
gray streak near t o p , m a s s i v e , medium-grained,
chiefly well-rounded quartz. Some cross-lamination

5

1.5

28.5

8. 7

5. C l a y s t o n e , light-gray, weathers to buff with maroon
mottling. Colors subdued compared with other l o c a l i t i e s . Polished pebbles common. (= Himes
Member Cloverly Formation; Unit VII of this report).

4. Sandstone, w h i t e , weathers white to very light tan,
m a s s i v e , strongly c r o s s - l a m i n a t e d , medium-grained,
sparkly, very high quartz content
5
3. Sandstone, yellow to brown, weathers to gray, some
brown and maroon mottling, coarse-grained with clay,
becoming finer-grained at t o p , m a s s i v e , occasional
cross-laminations. Base concealed. (= Unit VI of
this report)
2. Concealed interval

1.5

+
+
37- 11.3
151. 4. 5±

1. C l a y s t o n e , variegated, light- to dark-gray, grading
downward to pale and deep purple and maroon.
Bentonitic , forms extensive soft "popcorn" surfaces. Chalcedony and barite concretions very
abundant, some satin spar. (= Little Sheep Mudstone Member, Cloverly Formation; Unit V of this
report)
38± 1 1 . 6 Concealed.

SECTION

17 - SHEEP

MOUNTAIN

Measured across the east-facing exposures on the west limb of Sheep
Mountain Anticline, 1. 25 miles (2 km) westof the bentoniteplant a t t h e west
entrance to Bighorn Canyon. SE 1/4 Sec. 3, T. 53 N . , R. 94 W., Big Horn
County, Wyoming.
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SYKES MOUNTAIN FORMATION:
9.

Sandstone, yellow to rusty-brown, buff on fresh
surfaces. Massive bedding, c r o s s - l a m i n a t i o n s ,
few ripple marks. Medium-grained, well-rounded
quartz. Hematite staining. Overlain by thin darkbrown sandstone s t r a t a , interbedded with fissile
black s h a l e , weathering rusty color. (= Greybull
sandstone; Sykes Mountain Formation in part;
Unit VIII of this report)

Thickness
(ft)
(m)

46

1.21.8

CLOVERLY FORMATION:
C l a y s t o n e , variegated, red, maroon, purple and
bluish-gray. Massive or unstratified, weathering
to steep fluted s l o p e s . Occasional discontinuous
sand l e n s e s , usually friable. Polished stones or
"gastroliths" common. Localities YPM 6 2 - 1 1 , 6212, and 62-13 are situated near the top of this unit.
(= middle shale member of Darton's Cloverly Formation; Himes Member, Cloverly Formation; UnitVII
of this report)
32

9.7

Sandstone, white on fresh surface, weathering to
light brown. Massive to thin-bedded, generally
well-cemented. Fine- to medium-grained subangular quartz, feldspar, some white chert and dark
minerals. (= Unit VI? of this report)

2

0. 6

C l a y s t o n e , variegated, yellow, r o s e , rose-gray to
light-gray or white. Unstratified, bentonitic,
weathering to low angle slopes with "popcorn" surf a c e s , soft and collapsible. Chalcedony and barite
concretions very abundant, selenite and pink and
orange satin spar common. Occasional discontinuo u s , thin sandstone l e n s e s . (= Little Sheep Mudstone Member, Cloverly Formation; Unit V of this
report)
103

31.4

Sandstone, tan to gray, gray on fresh surface.
Massive parallel stratification. C r o s s - l a m i n a tions conspicuous. C o a r s e - g r a i n e d , quartz with
some light-gray and yellow chert. Pebbles e x tremely rare. (= Unit IV? of this report)

8

2. 4

181
Thickness
(ft)
(m)

MORRISON FORMATION:

4. C l a y s t o n e , variegated, y e l l o w - g r a y , dark-gray,
to rose-pink. Thin, discontinuous, tan s a n d stone l e n s e s j u s t above middle of sequence.
Chalcedony and barite concretions abundant in
lower half, but gypsum apparently a b s e n t . M a s sive or poorly stratified, weathers into low,
sandy s l o p e s . (Presence of chalcedony s u g g e s t s
assignment to Unit V, but on the b a s i s of a very
similar lower claystone bearing similar concretions
which underlies a dark conglomerate believed to be
the Pryor Conglomerate in Section 14 at Cedar
C r e e k , I have tentatively referred this to Unit III). . 109
3. Sandstone, brown, light-brown on fresh surface.
M a s s i v e , parallel stratification. Fine-grained
quartz

33. 2

24

0.61.2

2. C l a y s t o n e , partly c o n c e a l e d , predominantly yellowgray to light-gray and sandy. Nonresistant and c a l careous. Occasional 2 to 3 inch (5 to 7. 5 cm) s a n d stone layers. (Presumed to equal part of Unit I of
this report)
45-

13.7-

SUNDANCE FORMATION:
1.

Sandstone, g r a y - g r e e n , c o a r s e , glauconitic and
containing shell fragments. Surface littered with
Gryphaea fragments l e s s than 10 feet (3 m) below
the contact with # 2

SECTION

18

- LITTLE

SHEEP

Not measured

MOUNTAIN

Measured a c r o s s the hogbacks on the west limb of Little Sheep Mountain Anticline, 1.5 miles (2.4 km) south of U. S. 14 Alternate, 4 miles
(6. 4 km) e a s t of Lovell,. Wyoming. NE 1/4 Sec. 2 1 , T. 56 N. , R. 95 W.
Big Horn County, Wyoming.
SYKES MOUNTAIN FORMATION:
6. Sandstone, orange-brown, with much dark iron
staining. M a s s i v e , parallel and c r o s s - s t r a t i f i c a t i o n , and frequent ripple marks. Medium- to fine-

182
grained, chiefly well-rounded quartz. Ironstone
concretions common at top and in overlying d a r k gray fissile shales and sandstone. (= Sykes
Mountain Formation in part; Greybull sandstone;
Unit VIII of this report)

Thickness
(ft)
(m)

6

1.8

5. C l a y s t o n e , variegated, maroon to red-brown, b e coming yellow-brown near top. Gray-green with
purple and red mottling on fresh surfaces. Unstratified, sandy throughout. Polished pebbles rare.
(= part of middle shale member of Darton's C loverly
Formation; Himes Member, Cloverly Formation; Unit
VII of this report)
15

4.5

4. Sandstone, gray, weathers tan. C o a r s e - g r a i n e d ,
chiefly quartz with some feldspar a s subangular
grains. Massive and r e s i s t a n t

3

0.9

3. C l a y s t o n e , gray, weathers tan to red brown and
maroon, unstratified and sandy throughout. Several
massive 3 to 8 inch (7. 5 to 20 cm) sandstone
l e n s e s . Polished pebbles present, but not abundant. Forms bright-colored, s t e e p , fluted s l o p e s .
Base concealed. (= part of middle shale member of
Darton's Cloverly Formation: Himes Member,
Cloverly Formation; Unit VII of this report)

43

13.1

2. Concealed interval

34- 1 0 . 3 -

CLOVERLY FORMATION:

(Approximately 0. 25 mile (0.4 km) to the south of
this s i t e , a 4 to 8 foot (1.2 to 2.4 m) massive
sandstone crops out at what appears to correspond
to this concealed interval (#2) in this Section. Exposures here are poor, though, so adjacent units
could not be e s t a b l i s h e d . The general character of
this sandstone [yellow-brown to almost olive color,
medium-grained, rich in subangular quartz, feldspar
with some dark grains] is comparable to that of Unit
VI in the vicinity of the Cloverly Post Office s i t e . )
1.

C l a y s t o n e , dark-gray, weathers light gray to pale purple. M a s s i v e . Bentonitic, weathering into soft, lowangle slopes with "popcorn"-like surface. C h a l c e d ony concretions abundant, some selenite c r y s t a l s and
white satin spar. Base concealed. (= part of Little
Sheep Member, Cloverly Formation?; UnitV of this r e port)
> 24

Concealed.

> 7. 3

183
SECTION

19 - SYKES

MOUNTAIN

Composite section measured on the southwest flank and in exposures in
the prominent gorge through the southwest flank of Sykes Mountain, a p proximately 2.5 miles (4 km) southeast of State secondary highway#0208
to the Big Horn Recreation Area at Horseshoe Bend. S 1/2 Sec. 1 1 , T. 57
N. , R. 95 W. , Big Horn County, Wyoming.

SYKES MOUNTAIN FORMATION:
11. Sandstone, rusty-brown to dark-brown, tan on
fresh surfaces. Massive to t h i n - b e d d e d , ripple
marks abundant. Medium- to fine-grained quartz
in rounded grains. Six inches (15 cm) to several
feet of dark fissile shale beneath lowest sandstone
and thin shell interbeds with predominantly s a n d stone f a c i e s . Overlain by dark fissile s h a l e s and
0. 5 to 2 inch (1. 2 to 5 cm) sandstone layers with
frequent ironstone concretions. (= Greybull sandstone; Sykes Mountain Formation in part; Unit VIII
of this report)

Thickness
(ft)
(m)

11

3.3

10. C l a y s t o n e , variegated, red-brown, maroon, purplegray, becomes rusty near top. O c c a s i o n a l , white
to light-gray, discontinuous zones 2 to 5 feet (0. 6
to 1, 5 m) thick. Massive or poorly stratified,
generally light-purple-gray on fresh s u r f a c e s ,
breaks into irregular, slickensided blocks. Some
dark-green mottling on fresh surfaces. Sandy
throughout. Polished pebbles abundant. (= middle
shale member of Darton'sC loverly Formation; Himes
Member, C loverly Formation; Unit VII of this report). 53

16.1

CLOVERLY FORMATION:

9. Sandstone, white to tan or light-brown, becoming
"fire "-red in upper part locally. Generally buff to
yellow-tan on fresh surfaces. Medium- to c o a r s e grained, chiefly angular to subangular grains of
quartz, feldspar and white chert. M a s s i v e , parall e l - and cross-laminations. Not conglomeratic.
Forms smooth, high, r e s i s t a n t cliffs. (= Unit VI
of this report)
8. C l a y s t o n e , variegated, purplish-red or maroon in
lower two t h i r d s , gray in upper third. Bentonitic,
calcareous and sandy, several discontinuous sand

81

24.7

184
Thickness
l e n s e s up to 10 inches (25 cm) thick. Chalcedony
and barite concretions very abundant, gypsum a p parently absent. Unstratified and nonresistant.
(= Little Sheep Mudstone Member, Cloveriy Formation; Unit V of this report)

75

22.8

7. Conglomerate, sandy with abundant pebbles up to
1 inch (2. 5 cm) in diameter. Gray, weathering to
dark-gray and gray-brown. Black and dark-brown
chert predominate, some yellow chert and lightcolored quartzite. Grains and pebbles well rounded.
Parallel and c r o s s - l a m i n a t i o n s . ( = Pryor conglomerate; Unit IV of this report)
45

13.7

MORRISON FORMATION:
6. Sandstone, tan to light-brown, fine- to mediumgrained. Pebbles rare. Chiefly well-rounded
grains of quartz and light-colored chert. C r o s s laminations common, massive bedding. (This unit
clearly separable on lithic character and by a conspicuous irregular break from overlying conglome r a t e . Tentatively equated with Unit II in this r e port)

62

5. C l a y s t o n e , greenish-gray, bentonitic, unstratified
and n o n r e s i s t a n t , often concealed beneath fallen
blocks and talus of overlying sandstone and conglomerate that litter most lower s l o p e s . (= part of
Unit I? of this report)

21-

6.4-

4. Sandstone and shale interbedded. Sandstones tan
to yellow, from 6 inches to 2 feet (15 to 60 cm)
t h i c k , apparently rather persistent. S h a l e s , thinly
bedded and f i s s i l e , gray on fresh s u r f a c e s , weathering tan. ( = part of Unit I? of this report)

16

4. 9

3. C l a y s t o n e , yellow to g r a y - g r e e n , fresh surfaces
pale-green — almost olive in color. Massive or
unbedded. Sandy at some l e v e l s . Chalcedony and
gypsum absent. Calcareous throughout. ( Unit I
of this report)

34

10.3

2. Sandstone, t a n , m a s s i v e , r e s i s t a n t and conspicuous ledge-former. Medium-grained quartz w e l l cemented with calcite

3

0.9

18.9

185
1. C l a y s t o n e , yellow to p a l e - g r e e n , weathering
predominantly yellow. Forms l o w - a n g l e , soft
slopes. No concretions or gypsum. Calcareous
locally. Base concealed. (= part of Unit I of
this report)

Thickness
(ft)
(m)

> 24

> 7. 3

Concealed.

SECTION

20 - C R O O K E D

CREEK

Section measured across series of c u e s t a s and ridges between Crooked
Creek on the west and the Dryhead road on the e a s t , approximately 1. 5
miles (2.4 km) south of the Montana State line. W 1/2 Sec. 27 and N
1/2 Sec. 2 8 , T. 58 N. , R. 95 W. , Big Horn County, Wyoming. Theupper
part of the sequence i s in the immediate vicinity of Yale Localities
YPM 63-2 0 and 22.

SYKES MOUNTAIN FORMATION:
21. Sandstone, light-gray, weathers tan to light orange,
m a s s i v e , well-indurated, medium-grained, strongly
c r o s s - l a m i n a t e d , thin-bedded and fine-grained at
b a s e . ( = G r e y b u l l sandstone; Sykes Mountain Formation in part; Unit VIII of this report)

8

2.4

11.5

3.5

5.5

1.7

CLOVERLY FORMATION:
20. C l a y s t o n e , gray, yellow-brown and brown; weathers light yellow brown (rusty), large to small ironstone concretions, poorly stratified to m a s s i v e ,
silty throughout. (= Himes Member in part? of
Cloverly Formation; part of Unit VII of this report).
19. Siltstone, olive, weathering t a n , t h i n - b e d d e d ,
w e l l - c e m e n t e d , becoming more massive and coarsergrained at the b a s e , brick-red and brown mottling,
gypsum (satin spar) seam at b a s e . (= Himes Member in part of Cloverly Formation; part of Unit VII of
this report)
18. Claystone, variegated yellow to olive, weathering
gray maroon and red, mottled, silty in lower third.
(= part of Himes Member, Cloverly Formation; Unit
VII of this report)

10

3

186
17. Sandstone, w h i t e , medium-grained, rounded quartz
g r a i n s , friable, cross-lamina t e d , massive bedding.
(= Himes Member, in part, of Cloverly Formation;
part of Unit VII of this report)

Thickness
(ft)
(m)
4

1.2

41

12.5

15. Sandstone, light-gray to g r e e n , c o a r s e - t o mediumgrained, m a s s i v e , cross-laminations. YPM localities
6 3 - 1 7 , 6 3 - 1 8 , 63-19 and 63-20 produced bone
from nearly all levels in this sandstone. (= part
of Himes Member, Cloverly Formation; part of
Unit VII of this report)
4

1.2

14. C l a y s t o n e , variegated dark-brick-red with green
and yellow mottling, weathers brown, silty, moderate stratification. Some polished p e b b l e s , but not
closely a s s o c i a t e d with fossil bone. Localities
YPM 6 3 - 1 8 , 6 3 - 1 9 , 6 3 - 2 7 , and 63-28 produced
fossil bone from several levels within this c l a y stone. ( = Himes Member in part, Cloverly Formation; part of Unit VII of this report)

4

1.2

13. Sandstone, gray to y e l l o w - t a n , weathers tan; irregular green and reddish clay s e a m s , c o a r s e grained, quartz, feldspar and minor ferric minerals.
M a s s i v e , r e s i s t a n t , strongly cross-laminated;
pebbles and clay balls at b a s e . Localities YPM
63-16 and 63-32 are situated near the top of this
unit. (= Unit VI of this report)

11.5

3.5

16. C l a y s t o n e , variegated dark to light-gray, with
green and red-brown mottling; weathers brown, red
brown, maroon, m a s s i v e , silty becoming sandy at
base. Forms s t e e p , irregularly fluted s l o p e s . Fresh
material breaks into irregular slickensided blocks.
Fossil bone at b a s e . Localities YPM 6 3 - 1 7 , 63-18,
63-19 and 63-20 produced bone from the lower part
of this c l a y s t o n e . Polished pebbles common, but
not abundant and not closely a s s o c i a t e d with fossil
bone. (= part of Himes Member, Cloverly Formation; Unit VII of this report)

12. C l a y s t o n e , dark-gray to g r a y - g r e e n , weathers to
light gray and pale purple. Fresh material breaks
into irregular c h i p s , bentonitic, satin spar; c a l careous concretions rare. Chalcedony and barite
concretions also rare. Forms low, rounded, v e g e tation-free slopes, surfaces soft and "popcorn "-like.

Discontinuous 6 inch (15 cm) sandstone l e n s e s ,
usually white or tan. Some fossil bone in upper
25 to 30 feet (7.5 to 9 m). Also petrified wood.
Localities YPM 6 2 - 1 4 , 63-22 and PU 49-1 occur
in the upper third of this claystone. (= Little Sheep
Mudstone Member, Cloverly Formation; Unit V of
this report)
11. Sandstone, brown, c o a r s e - g r a i n e d , well-rounded,
sparkly quartz g r a i n s , well-cemented. Massive
with some cross-laminations. R e s i s t a n t , forms
prominent, persistent ledge

(ft)

128

„_
„

10. C l a y s t o n e , variegated, rose-pink to light-purple.
Breaks into irregular c h i p s , poorly laminated. C a l careous. No chalcedony observed. (= part of
Unit V of this report)
27
9. Sandstone, conglomeratic in upper 15 to 18 feet
(4.5 to 5.5 m). Medium-gray on fresh exposures ,
weathers dark gray to brown. C o n s i s t s of coarse
quartz and dark chert grains. Pebbles up to 0. 75
inch (1. 6 cm), chiefly dark chert and yellow or
brown quartzite. Strongly cross-laminated. M a s sive b e d s , very r e s i s t a n t . Forms cap-rock of irregular, knobby and pedestal-marked surfaces,
capping ridge west of Dryhead road. No distinct
break between conglomerate and sandstone: gradational textural change. (= Pryor Conglomerate;
Unit IV of this report)

28

MORRISON FORMATION:
8. C l a y s t o n e , weathers gray and pale green. Fresh
surfaces medium-gray but with greenish c a s t .
Generally sandy, but unstratified. Several 1 to 6
inch (2. 5 to 15 cm) discontinuous sand l e n s e s ,
e s p e c i a l l y in lower half. No chalcedony or gypsum
observed. (= Unit III of this report)

51

7. Sandstone, yellow-brown fresh and weathered. M a s s i v e , forming prominent cap-rock. Weathers into
thick, smoothly rounded blocks. Medium-to finegrained, quartz and light to nearly white chert.
Cross-laminations throughout. (= Unit II? of this
re port)
17

188
Thickness
C l a y s t o n e , gray, weathers t a n , poorly stratified,
(ft)
(m)
n o n - r e s i s t a n t . Forms low-angle s l o p e s where not
protected by overlying sandstone. Calcareous and
s i l t y , but no chalcedony, or limestone c o n c r e t i o n s ,
or gypsum observed. (= part of Unit I of this r e port)
27
8.2
Sandstone, light-tan both fresh and weathered.
Medium-grained, rounded quartz. M a s s i v e , p a r a l lel and cross-stratification. Resistant, weathers
to smooth, rounded blocks and cliff surfaces. Very
similar in appearance to # 7 above except white
chert is rare or lacking. (= part of Unit I of this
report)

21

6.4

C l a y s t o n e , gray, weathers pale yellow. Silty and
c a l c a r e o u s . Rare selenite crystals observed, but
not found in situ. Forms deeply weathered, lowangle slopes. (= part of Unit I of this report)

19

5.8

Sandstone, weathers brown, tan on fresh surfaces.
Blocky and massive in lower half, thin-bedded in
upper part. Medium-grained, rounded quartz with
calcareous and limonitic cement. (= part of Unit I
of this report)

14

4.2

C l a y s t o n e , gray-green on fresh surfaces, weathers
green to greenish tan. Partly c o n c e a l e d , but at
least locally shows thin parallel-stratification.
Not f i s s i l e . (Tentatively referred to Unit I, but
may be upper part of Sundance Formation)

11

3.3

SUNDANCE FORMATION:
1. Sandstone, brown, alternating massive and
p a p e r - t h i n parallel-stratification.
"Paperparting" of weathered exposures c h a r a c t e r i s t i c .
Medium-grained quartz, some glauconite and
calcareous throughout.
No marine invertebrate
remains found in s i t u ,
but surfaces near by
are strewn with belemnites and Gryphaea

Not measured

189
SECTION

21 - G Y P S U M

CREEK

Section measured across e a s t limb of Gypsum Creek Anticline, just
north of the Warren road. SE 1/4 Sec. 2 2 , T. 58 N. , R. 96 W. , Big
Horn County, Wyoming.
Thickness
SYKES MOUNTAIN FORMATION:
(ft)
(m)
11. Sandstone, brown to orange, with dark, fissile
shale interbeds. Fine-grained quartz. Abundant
ripple marks and fucoidal impressions. Forms r e sistant ridge. Overlain by thin sandstone layers
and dark fissile s h a l e . (= Greybull s a n d s t o n e ? ;
Sykes Mountain Formation in part; Unit VIII of this
report)

7

2.1

10. C l a y s t o n e , maroon to red-brown, some b l u e - g r a y ,
maroon and purple mottling on fresh surfaces. Unstratified. Sandy near b a s e . Polished pebbles
common throughout. Occasional gypsum (satin
spar) s e a m s . (= Himes Member, Cloverly Formation; Unit VII of this report)

21

6.4

9. Sandstone, weathers buff to orange t a n , yellow
locally. Tan on fresh surfaces. Medium- to
coarse-grained. Not conglomeratic. Chiefly
quartz, some chert and feldspar. C r o s s - l a m i n a tions pronounced. Massive and r e s i s t a n t , forms
very prominent ridge. (= Unit VI of t h i s r e p o r t ) . . .

58

17.7

8. C l a y s t o n e , weathers to p a s t e l rose and purple,
purplish dark gray on fresh surfaces. Unstratified,
breaks into irregular, waxy c h i p s . Bentonitic and
weathers to soft "popcorn" surfaces,generally free
of vegetation. Chalcedony and barite concretions
very abundant, satin spar and selenite crystals are
a l s o common. Occasional buff to white sandstone
wedges up to 6 inches (15 cm) thick. (= Little
Sheep Mudstone Member, Cloverly Formation;
Unit V of this report).
112

34.1

CLOVERLY FORMATION:

7. Sandstone, gray to light-brown, gray on fresh surf a c e s . Coarse-grained,angular to sub-rounded
quartz, dark and light chert, and yellow q u a r t z i t e ? .
Massive and very resistant—a ridge-former. Not

190
conglomeratic at the site of this s e c t i o n , but
several conglomeratic wedges occur in exposures
to the north. Cross-laminations common and w e l l developed throughout full t h i c k n e s s . (Tentatively
equated with Unit VI; = Pryor Conglomerate)

Thickness
(ft)
(m)

46

14

MORRISON FORMATION:
6. C l a y s t o n e , variegated, pale-green and gray in
upper 80 feet (24 m), gray, rose and orange in
lower 60 feet (18 m). Medium- to light-gray on
fresh surfaces. Sandy or silty throughout, prominent light-tan sandstone wedges and strata s c a t tered throughout s e c t i o n , including a persistent
2 foot ( 0 . 6 m) massive sandstone at 58 feet (17.7 m)
above b a s e . Calcareous but lacks c a l c i t e , barite
and chalcedony concretions. Gypsum a l s o lacking.
(= Unit III? of this report)
145

44. 2

5. Sandstone, white to light-tan, white and sparkly on
fresh surfaces. Chiefly rounded quartz with some
white and dark chert in medium-sized grains. C r o s s laminations frequent. P e r s i s t e n t , massive bedding.
Moderately well-indurated, but surfaces friable.
(= Unit II of this report)
19

5.8

4. C l a y s t o n e , neutral-gray, medium to dark, poorly
stratified and nonfissile. Chalcedony and calcite
concretions apparently absent. (= part of Unit I
of this report)

56

3. Sandstone, yellow to gray, buff on fresh surfaces.
Thin-bedded with ripple marks on upper bedding
planes. Medium- to fine-grained. Concealed
locally. (= part of Unit I of this report)

5

1.5

2. C l a y s t o n e , yellow to g r e e n i s h - g r a y , medium-gray
on fresh surfaces. Poorly exposed, but thinly s t r a tified locally. Very sandy at b a s e , and grades into
green, g l a u c o n i t i c , thin-bedded sandstone beneath.
May represent upper part of Sundance Formation.
(Unit I of this report)
12

3.6

17

SUNDANCE FORMATION:
1. Sandstone, greenish-gray, glauconite and quartz highly
c a l c a r e o u s . Thin-bedded with occasional interbeds of
fissile, sandy shale. Fragments of Gryphaea abundant
15 to 30 feet (4. 5 to 9 m) down s e c t i o n , but infrequently
noted in situ in these strata
Not measured

191
SECTION

22 - RED

DOME

Composite section measured in discontinuous hogbacks on south side
of Red Dome , immediately north and south of the Bridger-Pryor road.
S 1/2 Sec. 2 0, T. 7 S. , R. 24 E. , Carbon County, Montana.

SYKES MOUNTAIN FORMATION:

Thickness
(ft)
(m)

12. Sandstone, dark, rusty-brown on weathered surf a c e s , light-brown on fresh surfaces. Thin and
massive bedding, with some shale Interbeds. F i n e grained, chiefly quartz with occasional dark grains.
Ironstone concretions at t o p , upper strata with dark
ironstone staining. Few ripple marks. (=Greybull
s a n d s t o n e ? ; Sykes Mountain Formation in part;
Unit VIII of this report)
10.5

3.2

CLOVERLY FORMATION:
11. Clay s t o n e , variegated, red-brown, maroon, purple gray and gray, some rusty-yellow in upper 4 to 8
feet ( 1. 2 to 2. 4 m). Fresh surfaces green-gray
with green and red-brown mottling. Sandy in lower
half, massive throughout . Fresh rock breaks into
irregular blocks with shiny slickensided surfaces.
Polished stones or "gastroliths" common. Locality
YPM 64-52 is situated near the middle of this unit.
(= Himes Member, Cloverly Formation; Unit VII of
this report)
65
10. Sandstone, yellow-brown, medium-grained, s u b angular quartz, feldspar and light-colored chert.
Friable and poorly cemented. Massive with o c c a sional c r o s s - b e d s . (= Unit VI? of this report). . . .

19.8

3

o. 9

9. C l a y s t o n e , light-gray and blue-gray, generally
medium-gray on fresh surfaces. Unstratified,
breaks into irregular, "greasy" c h i p s . Bentonitic,
weathers to soft "popcorn" surfaces. Chalcedony
concretions common, occasional seams of satin
spar and selenite c r y s t a l s . Infrequent, discontinuous sandstone l e n s e s . (= Little Sheep Mudstone
Member, Cloverly Formation; Unit V of this report). 64

19. 5

8. Conglomerate, dark-gray and brown, fresh surfaces
also dark-gray and brown. Coarse sand grains and
subrounded pebbles up to 1 inch (2. 5 cm) of quartz,

192
yellow to brown q u a r t z i t e , black and brown chert.
Massive bedding with frequent large c r o s s - b e d s .
Very r e s i s t a n t , forms massive vertical cliffs and
prominent r i d g e s , a cap-rock. ( = Pryor Conglomerate; Unit IV of this report)

Thickness
(ft)
(m)

52

15.8

7. C l a y s t o n e , variegated, red-brown, green, yellowgray, fresh surfaces predominantly gray-green. Unstratified, sandy and calcareous throughout. Several 3 to 6 inch (7.5 to 15 cm) sandstone l e n s e s ,
well-indurated and r e s i s t a n t . C l a y s t o n e , n o n r e s i s t a n t , forms d e e p - w e a t h e r e d , s i l t y - s a n d y s l o p e s .
Chalcedony and barite concretions apparently l a c k ing. (= Unit III of this report)
88

26.8

MORRISON FORMATION:

6. Sandstone, light-yellow to light- gray or white,
nearly white on fresh surfaces. Some 6 to 15 inch
(15 to 3 7. 5 cm) strata but most of the unit is very
thin-bedded — some of it extremely thin-bedded,
weathering into "paper-thin" s h e e t s . Mediumsized grains of quartz with some white chert. O c casional c r o s s - b e d s , but no ripple marks. (Tentatively equated with Unit II in this report)

17

5. 2

5. C l a y s t o n e , greenish-gray, fresh surfaces darker
gray. Conspicuous light-gray and pink zone near
the middle. Unstratified. Silty and calcareous
throughout. Several discontinuous sandstone
wedges just below the pink zone. No chalcedony.
(= part of Unit I of t h i s report)

75

22.8

4. Sandstone, yellow to l i g h t - t a n , buff on fresh surf a c e s . Massive bedding, medium-grained, w e l l rounded quartz g r a i n s , firmly cemented with c a l cite. Sparkly on fresh surfaces

6

1.8

3. Claystone, like unit #5 above, greenish-gray to y e l low on weathered surfaces. Fresh surfaces dark to
medium gray. Unstratified, and nonresistant, weathers to low-angle slopes. Silty and calcareous throughout. (= part of Unit I of this report)
32

9. 7

2. Concealed interval

4.5-

15-

193
Thickness
(ft)
(m)

SUNDANCE FORMATION:
1. Thin-bedded, sandstone and shale. Mediumgrained and c a l c a r e o u s . Shell fragments, some
levels coquinoid. Glauconitic

Not measured

Concealed.

SECTION

23 - M I D D L E

FORK B R I D G E R

CREEK

This section was measured on the south-facing scarp directly across
from the prominent pyramid-like b u t t e , 0.5 mile (0.8 km) north of Middle
Fork of Bridger Creek. NE 1/4 Sec. 17, T. 7 S. , R. 24 E., Carbon County,
Montana. Five Yale localities (YPM 6 4 - 5 7 , 5 8 , 74, 75 and 65-1) are
within 200 yards (183 m) of this section site and three o t h e r s , (YPM 645 3 , 54 and 5 6) and probably one American Museum locality (AM 33-8)
are 0. 5 to 0. 75 mile (0. 8 to 1. 2 km) distant.

SYKES MOUNTAIN FORMATION:
10. Sandstone, buff, weathering tan to yellow, "ruststained", fine-grained to medium-grained, m a s s i v e ,
ripple-marked, overlain by gray, fissile s h a l e .
Ironstone concretions near top and common in overlying shale (= Greybull sandstone; Sykes Mountain
Formation in part; Unit VIII of this report)

12

3.6

9. C l a y s t o n e , variegated gray, yellow, rust-brown,
weathers yellow buff to gray, massive to poorly
bedded, some ironstone concretions (= part of
Himes Member, Cloverly Formation; part of Unit
VII of this report)

11

3.3

8. Sandstone, buff to light-gray, weathers to dark
r u s t , yellow, fine-grained, well-indurated, m a s sive

1

0.3

CLOVERLY FORMATION:

7. C l a y s t o n e , gray with yellow to rust staining,
weathers gray at b a s e , variegated red brown in mids e c t i o n , and variegated yellow, brown and buff in
upper half. Massive non-bedded, forms steep/
fluted slopes. Occasional polished pebbles.

194
Fossil bone level 12 feet (3. 6 m) above base
(YPM 64-53). (= part of Himes Member, Cloverly
Formation; Unit VII of this report)

Thickness
(ft)
(m)
28

8.5

6. C l a y s t o n e , variegated red and gray, weathers
brick red to purple with yellow limonite staining,
s i l t y , poor stratification, fissile in part. Polished
pebbles common throughout, but not closely a s s o ciated with fossil bone. Bone, at 3 feet (0. 9 m)
below top (YPM 6 4 - 6 1 , 65-1) and 2 feet (0. 6 m)
above base (YPM 64-65). (= part of Himes Member,
Cloverly Formation; Unit VII of this report)
18

5.5

5. Siltstone, gray, weathers brown, well-indurated,
usually not exposed

1

0.3

4. C l a y s t o n e , gray, becoming darker near t o p , to
variegated green and red, weathers red brown,
yellow to gray, non-bedded, silty. Bone-bearing
in lower 4 feet (1.2 m) (YPM 64-57, 6 4 - 5 8 , 64-74,
64-75). (= part of Unit VII of this report)

9

2.7

3. Siltstone, dull-gray to red, weathers brown to r e d d i s h , poorly stratified, ledge-former

2. 5 0. 7

Sandstone, gray to buff, weathers to tan or brown,
fine- to medium-grained, well-indurated, massive
(= Unit VI ? of this report)
1.

12

0.30.6

C l a y s t o n e , dark-gray weathering to light-gray.
Unstratified, bentonitic, weathering to soft "popcorn" surfaces littered with chalcedony andbarite
concretions. Fossil bone at several levels in
section exposed (YPM 64-54). Base concealed.
(= part of Little Sheep Mudstone Member, Cloverly
Formation; part of Unit V of this report)
> 21 > 6. 4

Concealed.

SECTION

24 - B L U E W A T E R

CREEK

Composite section measured in the exposures south and north of North
Fork Bluewater Creek in the immediate vicinity of the point where the
Fish Hatchery road c r o s s e s Bluewater Creek. The lower part of the s e c tion was measured north of this crossing in SE 1/4 Sec. 5 and the upper
part of the section was measured southwest of the crossing in NW 1/4
Sec. 8 , T. 6 S. , R. 24 E. , Carbon County, Montana.

195
SYKES MOUNTAIN FORMATION:
13. Sandstone, orange and rusty-brown, light-brown
and sparkly on fresh surfaces. Thin-bedded and
interbedded with black, fissile s h a l e . Finegrained quartz, well-cemented with limonite and
hematite. Some ripple marks. Overlain by fissile,
dark shale with thin strata of dark sandstone.
(= Greybull sandstone; Sykes Mountain Formation
in part; Unit VIII of this report)

Thickness
(ft)
(m)

17

5.2

12. C l a y s t o n e , variegated, predominantly red, redbrown, maroon, purple and violet-gray. Unstratified, breaks into irregular violet-gray and maroonmottled blocks with some s l i c k e n s i d e s . Sandy
throughout. Few sand l e n s e s . One 6 foot (1.8 m)
sandstone wedge 200 yds (183 m) to the south,
20 feet (6. 1 m) below top. Polished pebbles or
"gastroliths" present, but not abundant. Localities
YPM 64-71 and 64-72 are situated near the base of
this claystone. (= Himes Member, Cloverly Formation; Unit VII of this report)

91

2 7.7

11. Sandstone, t a n , yellow to tan on fresh surfaces.
Medium-grained, subrounded quartz with some
feldspar. Thin-bedded, but with prominent c r o s s b e d s . General appearance is very similar to #13
above, but lighter in color and lacking shale interbeds. (= Unit VI of this report)

3

0.9

10. C l a y s t o n e , v a r i e g a t e d , predominantly dark-gray,
light-gray to white, pink. Fresh surfaces generally drab medium- to dark-gray. Unstratified,
breaks into small irregular dark-gray c h i p s . Bentonitic in upper part, weathering to light-gray,
soft, "popcorn"-covered gentle s l o p e s . C h a l c e d ony and barite concretions abundant, except in
upper 15 feet (4.5 m). Calcareous concretions
common in lower half. Several 1 to 3 inch (2.5 to
7. 5 cm), white limestone strata at the 40 and 48
foot (12 and 14. 5 m) l e v e l s . A persistent darkbrown, 8 to 12 inch (20 to 30 cm) limestone, darkgray on fresh surface, at the 78 foot (24 m) level.
Irregular dark-brown fragments of this limestone litter all s lopes beneath. (= Little Sheep Mudstone Member, Cloverly Formation; UnitV of this report)
96

29. 2

CLOVERLY FORMATION:

196
Thickness
9. Conglomerate, dark-gray and brown, very c o n s p i c u - (ft)
(m)
ous massive "rim rock" capping many dip slopes
and mesas in the area. Coarse sand and pebbles
up to 2 and 3 inches (5 and 7. 5 cm), composed
chiefly of b l a c k , gray, dark-brown and yellow chert,
some yellow quartzite and white quartz. Sand l e n s e s
have peppery appearance. All fragments w e l l - to
subrounded. Large scale c r o s s - b e d s in sandstone
and fine conglomerate f a c i e s . (= Pryor Conglomerate; Unit IV of this report)
,
45 1 3 . 7
MORRISON FORMATION:
8. C l a y s t o n e , blue-gray and light-gray, calcareous
and silty. Unstratified and nonresistant. Poorly
e x p o s e d , often covered by large blocks fallen from
overlying unit. No chalcedony or barite c o n c r e tions observed. Some thin (6 to 10 inch [15 to 25
cm]) sandstone strata noted, all appear to be d i s continuous over short d i s t a n c e s , but exposures do
not permit verification. (= part of Unit III of this
report)

95

29

7a Sandstone, t a n , light-gray on fresh surfaces.
Medium-grained, but some pebbly lamina locally.
Weathers into smooth, rounded, massive blocks.
Bedding m a s s i v e , cross-laminations rare. Prominent ledge-former locally, but not a s prominent as
unit # 9 above. Grains almost entirely quartz,
some light-gray chert. (Tentatively equated with
Unit II of this report)

36

11

6. C l a y s t o n e , variegated, rose-colored in lower half,
tan or gray in upper half. Silty and calcareous
throughout. Nonresistant and partially concealed.
Infrequent satin spar s e a m s , but no chalcedony,
barite or calcareous concretions. (=part of Unit I
of this report)

88

26.8

5. Sandstone, light-tan both weathered and fresh.
Fine-grained, almost a s i l t s t o n e . Massive bedding,
a r e s i s t a n t ledge-former. (Probablyequals part of
Unit I of this report)

3

0.9

4. C l a y s t o n e , g r e e n i s h - g r a y to very pale-green. Fresh
surfaces medium-gray. Unstratified. (= part of
Unit I of this report)

27

8.2

197
3. Sandstone, light-tan or buff, fresh surfaces nearly
white. Fine-grained, massive and we 11-indurated,
forming prominent, light-colored bluffs

Thickness
(ft)
(m)
17

5.2

2. C l a y s t o n e , g r e e n i s h - y e l l o w , sandy and c a l c a r e o u s .
Nonresistant and largely concealed. ( May represent upper part of Sundance Formation.)
11

3.3

SUNDANCE FORMATION:
1. Sandstone, light-gray to g r a y - g r e e n , coarse to
medium-grained. Thin-bedded, locally weathers
into thin s h e e t s , but massive at other l e v e l s .
Glauconitic locally. Gryphaea fragments abundant.

SECTION

25 -

PRYOR,

Not measured

MONTANA

Composite section taken at several points along the north side of the
Pryor-Edgar road, 4 to 6 miles (6. 4 to 9. 6 km) west of Pryor, Montana,
SW 1/4 Sec. 29 , N 1/2 Sec. 33 and SE 1/4 Sec. 3 4 , T. 4 S. , R. 25 E. ,
Big Horn County, Montana. Except for the upper c l a y s t o n e , the conglomerate, and some of the massive s a n d s t o n e s , exposures in this area
are very poor. This incomplete section is included to tie together the
Carbon County sections and those to the e a s t along Beauvais Creek.

SYKES MOUNTAIN FORMATION:
12. Sandstone, rusty-brown to t a n , fresh surfaces tan.
Medium- to fine-grained quartz in well-rounded
grains. Thin-bedded sand strata with very thin
interbeds of dark s h a l e . Forms cap-rock on p l a t e a u s . Overlying strata concealed. (= Greybull
s a n d s t o n e ? ; Sykes Mountain Formation in p a r t ? ;
Unit VIII of this report)

8

2.4

CLOVERLY FORMATION:
11. C l a y s t o n e , variegated, red-brown, maroon, and
bluish-purple. Fresh surfaces blue-gray with some
green and maroon mottling. Sandy at top and near
base of exposure. Forms s t e e p , brightly colored
s l o p e s . Polished stones or "gastroliths" common.
Base concealed. (= Himes Member, Cloverly
Formation; Unit VII of this report)
> 72 > 2 1 . 9
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Thickness
(ft)
(m)
10. Concealed interval

41- 12.5-

9. Sandstone, tan to dark-brown, fresh surfaces
light-brown. Medium-grained, quartz. Massive
with pronounced c r o s s - b e d s . Concealed at most
s i t e s . Base concealed. (= Unit VI? of this report). >15
8. Concealed interval
7.

Conglomerate , dark-gray and brown. Lower 25
feet (7. 6 m) coarse gray s a n d s t o n e , massive and
strongly c r o s s - l a m i n a t e d , with o c c a s i o n a l 0. 25
to 0. 5 inch (0. 6 to 1. 2 cm) pebbles of dark chert.
Upper 3 0 feet (9 m), conglomeratic with w e l l rounded pebbles up to 2 inches (5 cm) of black,
gray and brown chert, and yellow and gray quartzite. M a s s i v e , well-cemented and r e s i s t a n t .
(= Pryor Conglomerate; Unit IV of this report) . . . .

>4. 5

35- 10.6-

55

16. 7

MORRISON FORMATION:
6. Concealed interval

+
+'
42- 1 2 . 8 -

5. Sandstone, buff to light-brown, fresh surfaces
buff and nearly white. Medium- to coarse-grained
quartz with some white or light-gray chert of w e l l rounded grains. Massive with some c r o s s - s t r a t i fication. (= Unit II? of this report)

12

3.6

4. Concealed interval

31-

9.4-

3. Sandstone, tan to brown, light-gray on fresh surfaces. Sparkly. Medium-grained, rounded quartz.
Well-indurated and r e s i s t a n t . Some thin strata
near middle. (= part of Unit I? of this r e p o r t ) . . . .

15

4. 5

2- Concealed interval. (Probably includes lowest part
of continental sequence and perhaps part of upper
strata of Sundance Formation. )

110

33.5

SUNDANCE? FORMATION:
1. Sandstone, nearly white to pale-green. Mediumgrained quartz and glauconite, c a l c a r e o u s . Interbedded thin and massive strata. No invertebrate
fossils observed
Concealed.

Not measured
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SECTION

26 -

PUSH

CREEK

Section measured in south-facing s c a r p , "around the corner" 0.25 mile
(0. 4 km) e a s t of Thor Lande's ranch house on Push Creek, NE 1/4 Sec.
22, T. 5 S. , R. 28 E. , Big Horn County, Montana.

SYKES MOUNTAIN FORMATION:
9. Sandstone, light-gray, weathers tan to lightbrown,
medium-grained, rounded quartz g r a i n s , t h i n bedded, with cross-laminations and ripple marks.
Interbedded with thin dark shale layers at irregular
i n t e r v a l s , ironstone concretions at top. (= Greybull sandstone; Sykes Mountain Formation in partUnit VIII of this report)

Thickness
(ft)
(m)

18

5.5

C l a y s t o n e , variegated dark-gray, weathers to
purplish gray or light gray, yellow and purple.
Mottling, s i l t y , massive to poorly stratified
(= part of Himes Member, Cloverly Formation;
part of Unit VII of this report)

10

3

C l a y s t o n e , dark-gray, weathers to vivid red and
maroon. Polished pebbles common, poorly s t r a t i fied to m a s s i v e . Breaks into irregular s l i c k e n sided blocks. (= part of Himes Member, Cloverly
Formation; Unit VII of this report)

15

4. 5

2

0. 6

16

4.9

CLOVERLY FORMATION:
8.

7.

6. Sandstone, gray weathers pale green, medium- to
c o a r s e - g r a i n e d , sub-angular quartz and feldspar.
M a s s i v e , well-developed parallel stratification,
well-cemented, forms r e s i s t a n t gray-green ledge . .
5. C l a y s t o n e , variegated, r e d , maroon, and green.
Massive and r e s i s t a n t , silty throughout, frequent
thin green sand or silt l a y e r s , polished pebbles
common. Forms s t e e p , fluted s l o p e s . Localities
YPM 6 4 - 3 9 , 64-40 and 64-41 are situated in this
claystone (= part of Himes Member, Cloverly Formation; Unit VII of this report)
4. Sandstone, gray, weathers to yellow or purple
gray, c o a r s e , grit- to p e a - s i z e d pebbles in upper
5 feet (1.5 m), poorly-cemented, but caps prominent bench at base of variegated claystone. Quartz,
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feldspar, and chert predominant. Locality YPM 6440 produced bone from the upper 8 to 10 inches
(20 to 25 cm) of this sandstone a s w e l l a s t h e lower
foot (30 cm) of the overlying claystone. ( = Unit VI
of this report)

Thickness
(ft)
(m)

9

2.7

3. C l a y s t o n e , gray, weathers to variegated red brown,
purple, yellow and green. Nonbedded or m a s s i v e ,
some silt. Polished pebbles and chalcedony concretions absent. (= part of Little Sheep Mudstone
M e m b e r ? , Cloverly Formation; part of Unit V? of
this report)
11

3.3

2. Concealed interval

6.1-

20-

1. C l a y s t o n e , variegated, predominantly b l u e - g r a y ,
purple-gray and pink. Bentonitic, weathering to
soft, "popcorn" surface. Fresh rock medium- to
dark-gray, breaking into irregular c h i p s . C h a l c e dony concretions common locally. Base concealed.
(= part of Little Sheep Mudstone Member, Cloverly
Formation; Unit V of this report)
> 46 > 14
Concealed.

SECTION

27 - B U S T E R

CREEK

Section measured at southwestern extremity of the large bench between
Buster Creek and Horse Coulee and immediately south of Beauvais Creek,
0. 25 mile (0. 4 km) e a s t of Buster Creek and 1. 5 miles (2. 4 km) southwest of Cashen Ranch. SE 1/4 Sec. 32, T. 4 S. , R. 29 E. , Big Horn
County, Montana. This is the only locality within the Crow Indian
Reservation west of the Bighorn River at which the entire nonmarine s e quence is continuously exposed.
SYKES MOUNTAIN FORMATION:
12. Sandstone, dark-brown and r u s t y - o r a n g e , fresh
surfaces tan. Thin-bedded, with thin interbeds of
dark fissile shale at irregular intervals. Mediumgrained , well-rounded quartz, with limonite and
hematite staining. Ironstone concretions common
in upper 5 to 6 feet (1.5 to 1.8 m). Ripple marks
prevalent on nearly all sandstone bedding p l a n e s .
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Forms rim-rock of nearly all benches along
Beauvais Creek in this Township. (= Greybull
sandstone; Sykes Mountain Formation in part;
Unit VIII of this report)

Thickness
(ft)
(m)

14

4.2

11. C l a y s t o n e , variegated, gray, r e d - o r a n g e , violet
and red-brown. Fresh surfaces gray with maroon
and green mottling, breaks into irregular blocks
with s l i c k e n s i d e s . Massive or unstratified.
(= part of Himes Member, Cloverly Formation;
part of Unit VII of this report)

35

1 0. 6

10. Sandstone, fine to medium-grained, pink or lightgray. Very dense and extremely well-indurated
quartzite. Very r e s i s t a n t

„

*

9. C l a y s t o n e , variegated, chiefly gray and red-brown
to orange. Fresh s u r f a c e s , gray with purple and
maroon mottling. Massive or unstratified except
for occasional discontinuous 3 to 8 inch (7. 5 to
20 cm) sandstone l e n s e s . Polished pebbles or
"gastroliths" common. Localities YPM 6 4 - 1 6 , 6417, 6 4 - 1 8 , 6 4 - 1 9 , 64-31 and 64-33 all lie within
this claystone. (= part of Himes Member, Cloverly
Formation; part of Unit VII of this report)

45

13.7

8. Sandstone, tan on fresh s u r f a c e s , weathers brown,
fine- to medium-grained quartz and feldspar in
rounded grains. Thin to m a s s i v e , parallel s t r a t i fication, cross-laminations common in massive
strata. Thickness variable over short d i s t a n c e .
Localities AM 32-6 and 32-7 are situated in this
channel sandstone. (= Unit VI of this r e p o r t ) . . . .

8

2.4

11

3.3

CLOVERLY FORMATION:

7. C l a y s t o n e , variegated, gray to purple h e r e , redbrown to e a s t . Fresh rock neutral-gray. Sandy
locally. Poorly stratified. (= part of Little Sheep
Mudstone Member, Cloverly Formation; part of
Unit V of this report)
6. Sandstone, brown, tan on fresh surfaces. Mediumto fine-grained, chiefly quartz with some feldspar
and light-colored chert. Massive and thin-bedded.
Some cross laminations

._

4.5

1.3
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5. C l a y s t o n e , drab-gray to blue-gray, varies from
nearly white to medium gray. Fresh surfaces medium gray. Bentonitic, weathers to soft "popcorn"
surfaces. Massive or unstratified. Chalcedony
concretions present, locally abundant. Barite concretions rare. Two localities - (OU 40-10 and 4011) probably occur within this c l a y s t o n e , but their
precise levels are not known. (= part of Little
Sheep Mudstone Member, Cloverly Formation; part
of Unit V of this report)

Thickness
(ft)
(m)

19

5. 8

1

0.3

MORRISON FORMATION:
4. Limestone, white to light-gray, weathers chalky
white. Medium-sized c r y s t a l s . Dense and m a s s i v e , very r e s i s t a n t . Apparently persistent

3. C l a y s t o n e , variegated, orange-red, purple and drabdark-gray. Fresh surfaces dark-gray and violet.
Calcareous and locally silty. Unstratified, fresh
rock breaks into irregular waxy chips and blocks.
Often forms s t e e p , smooth, brightly-colored s l o p e s .
Chalcedony and barite concretions apparently lacking, but pink satin spar was noted rarely. (Quite
dissimilar from usual claystone facies of "Morrison"
part of sequence. May represent a lower portion
of Unit V, but absence of chalcedony concretions
suggests otherwise. )
46
2. Concealed interval. (Nearest underlying exposures
approximately 200 yards [180 ml to south. Dip at
the two exposures the same [10 N 20 W]; dip
projection established that a maximum of 20 feet
[6 m] of section is concealed. Slope between e x posures irregular, but averages close to 1 0 , presumed to be a dip slope maintained by underlying
sandstone. If correct, the concealed section
probably represents l e s s than the 20 foot [6 m]
interval mentioned above. )

20-

14

6.1-

SUNDANCE FORMATION:
1. Sandstone, gray to nearly white, light-greenishgray on fresh surfaces. Medium-grained, quartz
with calcareous cement. Varies from thin to m a s sive bedding. Glauconite not evident at most e x posures , but Gryphaea shells and fragments a r e . .
Concealed.

Notmeasured
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SECTION

28 - C A S H E N R A N C H ,

BEAUVAIS

CREEK

Section measured on the southeast slope of "Cashen Pocket", 0. 5 mile
(0. 8 km) southeast of the Cashen ranch h o u s e , on the south side of
Beauvais Creek, SE 1/4 Sec. 28, T.4 S. , R. 29 E. , Big Horn County,
Montana. A number of localities discovered by Barnum Brown (AM 3 1 - 3 ,
3 1 - 4 , 3 1 - 5 , 3 1 - 6 , 31-7) are in the immediate vicinity.

SYKES MOUNTAIN FORMATION:
6. Sandstone, t a n , weathers rusty brown, mediumgrained quartz, w e l l - r o u n d e d . Thin-bedded with
occasional massive units up to 2 and 3 feet (0. 6
to 0. 9 m) thick. Thin interbeds of black, fissile
shale weathering rusty yellow, hematite lamina.
Ripple marks prominent, occasional c r o s s - b e d s in
massive b e d s . (= Greybull sandstone; Sykes
Mountain Formation in part; Unit VIII of this report).

Thickness
(ft)
(m)

18

5. 5

5. C l a y s t o n e , variegated, dark-purple, pink, graygreen, red-brown, maroon and brick-red, often
with greenish mottling and occasional medium- to
dark-gray bands. Various color bands grade into
each other, but quite persistent laterally. Fresh
rock usually fractures into irregular blocks with
some s l i c k e n s i d e s , but occasionally breaks into
fine, irregular c h i p s . Parallel stratification l a c k ing or very obscure on fresh surfaces. Silty or
sandy locally, but not persistently. Polished pebb l e s , common locally, but usually rare. Generally
this unit forms s t e e p e s t slopes below capping
sandstone (Unit VIII), but locally, slump blocks
form lower-angle slopes. Sites AM 31-5 and YPM
64-3 are situated near b a s e of unit. (= Himes
Member, Cloverly Formation?; Unit VII of this r e port)

70

21.3

4. Sandstone, o l i v e - g r e e n , weathering to gray green
to dull red brown. Medium- to coarse-grained
quartz and feldspar. Friable locally, elsewhere
well-indurated and blocky. M a s s i v e , with prominent c r o s s - b e d s . Discontinuous. A single site
(AM 31-6) is situated near base of sandstone.
(= Unit VI of this report)

12

3.6

CLOVERLY FORMATION:

204

3. C l a y s t o n e , dark-gray, weathering to light gray or
pale lavender gray and nearly white. Poorly s t r a t i fied or m a s s i v e , fresh rock fractures into s m a l l ,
irregular chips with waxy surfaces. Bentonitic,
weathers to soft "popcorn" surfaces. Chalcedony
concretions present, but not abundant. Occasional
satin spar seams. At l e a s t o n e , discontinuous
m a s s i v e , 0. 5 to 1 foot (15 to 30 cm) thick gray
limestone bed. American Museum l o c a l i t i e s : 31-3,
3 1 - 4 , 3 1 - 7 , 31-8 and 3 2 - 8 , and Yale locality
YPM 64-13 are situated in the upper 30 feet (9 m)
of this unit. (= Little Sheep Mudstone Member,
Cloverly Formation?; Unit V of this report).
2. Sandstone, gray to gray-brown, tan on fresh surfaces. Medium-grained quartz in well-rounded
g r a i n s . M a s s i v e , parallel-stratification. D i s continuous. . . o

Thickness
(ft)
(m)

43

13.1

3

0. 9

MORRISON FORMATION:
1. C l a y s t o n e , light-gray, dark-gray and gray-green
on fresh surfaces. Calcareous. Unstratified.
Exposures generally poor, and form low-angle
slopes in this region. Forms base of "pocket".
No chalcedony found in s i t u , but concretions may
be present. Base concealed.
(= Unit V or III?
of this report) . . - . . .

> 27 > 8. 2

(Fragments of Gryphaea shells were found at several places in the lowest part of this d e p r e s s i o n , but none were found in p l a c e , nor were any
exposures seen here that resembled the Sundance Formation a s exposed
in this part of the Reservation. Gryphaea fragments were found only at
low points in the "pocket" and were not significantly abraded. In view
of the nature of the terraine and the location of the n e a r e s t Sundance
outcrops, it appears likely that the Sundance Formation lies very close
to (if not actually exposed at) the surface. Thus the entire nonmarine
section here may be only about 150 feet (45 m) thick. At Section No. 27,
it is 173 to 193 feet (52 to 59 m) thick.
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APPENDIX B
REGISTER OF CLOVERLY FORMATION FOSSIL VERTEBRATE LOCALITIES
The following locality register lists more than one hundred s i t e s at which fossil v e r t e brate remains have been collected from the upper part of the C loverly-Morris on sequence
— that part which Moberly (1960) included in h i s redefined Cloverly Formation.
These
include s i t e s discovered by expeditions from the American Museum of Natural History
(1903, 1904, 1931, 1932, 1933, 1938 and 1955), Oklahoma University (1940), Princeton
University (1948, 1949), none of which have previously been reported, and recent e x peditions by Yale University (1962, 1 9 6 3 , 1964, 1965 and 1966). To the b e s t of my
knowledge t h i s r e g i s t e r includes a l l of the collection s i t e s from the upper (Cloverly)
part of t h i s s e q u e n c e . Most of the listed s i t e s are located p r e c i s e l y here, a s well as
on the numerous locality m a p s , but some localities of e a r l y e x p e d i t i o n s , particularly
those of 1933 and 1938, could not be relocated by us and are only approximately l o cated in t h i s r e g i s t e r . Many other s i t e s discovered by the Yale expeditions are not
included here b e c a u s e they were never e x c a v a t e d and no c o l l e c t i o n s were made from
them, higher priority having been a s s i g n e d to other more promising s i t e s . The u n e x ploited s i t e s u s u a l l y featured only unidentifiable bone fragments on t h e s u r f a c e ,
but
future excavation of any of t h e s e might well prove profitable.
Time simply was not
available to open exploratory excavations at each s i t e d i s c o v e r e d .
LOCALITY
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(Cloverly Formation)
Scarps

AMERICAN MUSEUM OF NATURAL HISTORY LOCALITIES
AM

03-26 1 '

AM

03-28

AM

03-29

2

2

T.4 S. , R.29 E. , Big Horn County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Crocodilia (AMNH 5852).
T.4 S. , R.29 E. , Big Horn C o u n t y , Montana.
Horizon:
unknown.
Specimen c o l l e c t e d : Sauropelta e d w a r d s i ? (AMNH 5853).
T.4 S. , R.29 E. , Big Horn C o u n t y , Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 5854).

The first two digits of locality d e s i g n a t i o n s refer to the year of discovery, the following digit(s) to the particular site a s recorded in field r e c o r d s .
2

These s i t e s cannot be located p r e c i s e l y . Barnum Brown stated that t h e y were 25
miles (40 km) southeast of Pryor, Montana near C a s h e n ranch, which in all probability
p l a c e s them along Beauvais Creek.
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AM

03-303

AM

04-9

AM

04-10

T.4 S. , R.29 E. , Big Horn C o u n t y , Montana.
Horizon: unknown, but probably Unit VII.
Specimen c o l l e c t e d : Naomichelys s p e c i o s a (AMNH 613 6).

AM

31-3

" C a s h e n Pocket". NW 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 0.25 mile
(0.4km) SSE of C a s h e n ranch h o u s e , Big Horn County, Montana.
See Locality Map U.
Horizon: Unit V, 8 feet (2. 4 m) below Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3 010).

AM

31-4

"Cashen Pocket". NE 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 0 . 5 mile
(0. 8 km) SE of C a s h e n ranch h o u s e , Big Horn County, Montana.
See Locality Map U.
Horizon: Unit V.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3013).

AM

31-5

"Cashen Pocket". NW 1/4 Sec. 3 3 , T.4 S. , R.29E. , 0.25 mile (0.4 km)
SSE of C a s h e n ranch h o u s e , Big Horn County, Montana. See
Locality Map U.
Horizon: Unit VII, 10 to 20 feet (3 to 6 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3020).

AM

31-6

"Cashen Pocket". NW 1/4 Sec. 33 , T.4 S. , R.29 E., 0.25 mile (0.4 km)
SE of C a s h e n ranch h o u s e , Big Horn County, Montana. See
Locality Map U.
Horizon: Unit VI, or p o s s i b l y uppermost part of Unit V.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3012).

AM

31-7

"Cashen Pocket". NW 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 0.5 mile
(0. 8 km) SE of the C a s h e n ranch h o u s e , Big Horn County, Montana. See Locality Map U.
Horizon: Unit V, 23 feet (7 m) below Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (AMNH 3015);
Tenontosaurus t i l l e t t i (AMNH 3 014).

AM

31-8

NW 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 0.25 mile (0.4 km) south of
C a s h e n r a n c h house, Big Horn County, Montana. See Locality Map U.
Horizon: Unit V, approximately 20 feet (6 m) below Unit VI.
Specimen collected: Tenontosaurus t i l l e t t i (AMNH 3011).

4

T.4 S. , R.29 E., Big Horn County, Montana.
Horizon: unknown, but probably Unit III.
Specimen c o l l e c t e d : Sauropoda (AMNH 5855).
T.4 S. , R.29 E. , Big Horn C o u n t y , Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Sauropelta e d w a r d s i ? (AMNH 5833).

3

This locality was located by Brown on Horse C o u l e e , 30 miles (48 km) e a s t of Pryor,
Montana. No more precise location is p o s s i b l e now.
4
Barnum Brown recorded t h i s locality as 50 miles (80 km) south of Billings, Montana on
Beauvais Creek, which means it probably lies in Section 22 or 23, between the entrances
of Buster Creek and Horse Coulee into Beauvais Creek.
The only information a v a i l a b l e now p l a c e s t h i s site at 25 miles (40 km) e a s t of Pryor,
Montana, which s u g g e s t s the C a s h e n r a n c h area (similar d e s c r i p t i o n s were g i v e n f o r o t h e r
s i t e s discovered later that have been pinpointed in the C a s h e n ranch area), probably along
Beauvais Creek.
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LOCALITY MAP U
See regional map (Fig. 2) in pockel for location

AM

31-9

AM

31-10

SE 1/4 Sec. 16, T.4 S. , R.26 E. , 3.5 miles (5.6 km) north of Pryor,
Yellowstone County, Montana. See Locality Map P.
Horizon: Unit V?
Specimen c o l l e c t e d : Sauropelta e d w a r d s i (AMNH 3016).
r

SW 1/4 Sec. 16, T.4 S. , R.26 E. , 0. 25 mile (0. 4 km) w e s t of A M 3 1 Yellowstone County, Montana. See Locality Map P.
Horizon: Unit VII.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3017).

Sites AM 31-9 and 31-10 were relocated with the help of Mr. Roy Marsh of Pryor, Mont a n a , who worked for Barnum Brown at t h e s e e x c a v a t i o n s .
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LOCALITY MAP P

AM

32-27

SW 1/4 Sec. 8 , T.5 S. , R.30 E. , 6 miles (9.6 km) SE of C a s h e n
ranch h o u s e , on Mott C r e e k , Big Horn C o u n t y , Montana. See
Locality Map X.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3031).

Barnum Brown described the location of s i t e s 3 2 - 2 , 4 , and 5 a s " 9 m i l e s (14.4km) e a s t
of C a s h e n ' s ranch on Mott Creek". However, there are no exposures of the Cloverly Formation more than 2 miles to the e a s t of C a s h e n ' s ranch. From Horse Coulee the outcrop
t r e n d s s o u t h e a s t e r l y and i s c r o s s e d by Mott Creek 6 miles (9. 6 km) s o u t h e a s t of C a s h e n ' s
r a n c h . No where e l s e along the course of Mott Creek does the Cloverly Formation crop
out. Therefore, I have provisionally placed l o c a l i t i e s AM 3 2 - 2 , 3 2 - 4 , and 32-5 within
a 2000 foot (610 m) radius of this c r o s s i n g .
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AM

32-3

NE 1/4 Sec. 2 0 , T.5 S. , R.28 E. , Approximately 1.5 miles (2.4 km)
west of Thor K. Lande r a n c h , on Push C r e e k , Big Horn County,
Montana. See Locality Map Q.
Horizon: Unit V, VI or VII.
Specimens c o l l e c t e d : Sauropelta edwardsi (AMNH 3 032).

AM

32-4

SW 1/4 Sec. 8 , T.5 S. , R.30 E. , 6 miles (9. 6 km) SE of C a s h e n ranch
h o u s e , on Mott C r e e k , Big Horn C o u n t y , Montana. See Locality
Map X.
Horizon: unknown.
Specimen c o l l e c t e d : Sauropelta edwardsi (AMNH 3033).

AM

32-57

SW 1/4 Sec. 8 , T.5 S. , R.30 E. , 6 miles (9. 6 km) SE of C a s h e n ranch
h o u s e , on Mott C r e e k , Big Horn C o u n t y , Montana. See Locality
MapX.
Horizon: unknown.
Specimens c o l l e c t e d : Deinonvchus antirrhopus (AMNH uncatalogued);
Tenontosaurus t i l l e t t i (AMNH 3034).

LOCALITY MAP X
Brown's field records describe this locality simply a s "10 miles (16 km)SWof C a s h e n ' s
r a n c h , Montana", but a field photograph p l a c e s the "nodosaur" (AMNH 3232) and "campt o s a u r " (AMNH 3062?) in the region specified here and in Locality Map Q.
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AM

32-6

SE 1/4 Sec. 3 2 , T.4
ranch h o u s e , Big
Horizon: Unit VI, 3
Specimen c o l l e c t e d :

S. , R.29 E. , 1.25 mile (2 km) SSW of C a s h e n
Horn County, Montana. See Locality Map U.
feet (0. 9 m) below Unit VII.
Sauropelta edwardsi (AMNH 3 035).

AM

32-7

SE 1/4 Sec. 3 2 , T. 4 S. , R.29 E. , 1. 25 mile (2 km) SSW of C a s h e n
ranch h o u s e , Big Horn County, Montana. See Locality Map U.
Horizon: Unit VI, 8 feet (2. 4 m) below Unit VII.
Specimen c o l l e c t e d : Sauropelta edwardsi (AMNH 3 03 6).

AM

32-8

NE 1/4 Sec. 3 2 , T.4 S. , R.29 E. , 0. 75 mile (1.2 km) SSW of C a s h e n
ranch house, Big Horn County, Montana. See Locality Map U.
Horizon: Unit V, 5 to 15 feet (1. 5 to 4. 5 m) below Unit VI.
Specimen c o l l e c t e d : Deinonychus antirrhopus (AMNH 3 037).

AM
AM

32-10?
32-11?

These s i t e s have been placed on Locality Map U, on information r e corded by Barnum Brown on an oblique areal photograph (see Plate 6:B).
It i s not known w h a t , if anything, w a s collected at t h e s e s i t e s . All
known specimens c o l l e c t e d by Brown in the Crow Indian Reservation
are accounted for and known to have come from other s i t e s .
These
s i t e s appear to be in Unit V.

AM

33-19

SW 1/4 Sec. 2 6 , T.7 N. , R.16 E. , Wheatland County, Montana.
Horizon: Unit VII? , approximately 60 feet (18 m) below b a s e of
Unit VIII.
Specimens c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3040);
Deinonychus antirrhopus (teeth a s s o c i a t e d with AMNH 3041);
Microvenator celer (AMNH 3041).

AM

33-2

Sec. 2 6 , 2 7 , 3 4 , or 3 5 , T.7 N. , R.16 E., Wheatland County, Montana.
Horizon: Unit VII?
Specimen c o l l e c t e d : Sauropoda (AMNH 3042).

AM

33-3

Sec. 2 6 , 2 7 , 34 or 3 5 , T.7 N . , R.16 E., Wheatland County, Montana.
Horizon: Unit VII?.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3043).

AM

33-410

Sec. 3 4 , T.7 N. ? , R.16 E. , Wheatland C o u n t y , Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3 044).

AM

33-5

Sec. 3 4 , T.7 N. ? , R.16 E., Wheatland C o u n t y , Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3 045).

g

Brown's field records place the following six l o c a l i t i e s at Middle Dome, 12 miles
(19.2 km) s o u t h e a s t of Harlowton, Montana. Except for Locality 3 3 - 1 , no record of the
precise location e x i s t s . A photograph (Plate 7:B) from Barnum Brown's files pinpoints
Locality AM 33-1 on t h e north rim of Middle Dome approximately 0. 5 mile (0. 8 km) from
t h e north entrance into the Middle Dome b a s i n . Inquiry and exploration of the Middle
Dome exposures failed to determine other l o c a t i o n s .
These two l o c a l i t i e s were placed by Barnum Brown in Sec. 3 4 , T.4 N . , R.16 E. There
are no Cloverly exposures within 15 miles (24 km) of this location and it is probable that
Brown's notation was intended to read T.7 N. i n s t e a d of T.4 N . , where Cloverly exposures
crop out along the south flank of Middle Dome.
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AM

33-6

Sec. 2 6 ; 2 7 , 34 or 3 5 , T.7 N. , R.16 E. , Wheatland County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Sauropelta? (AMNH 3046).

AM

33-811

?Sec. 16, or 1 7 , T.7 S. , R.24 E. , 6 m i l e s ? (9.6 km) SE of Bridger,
Carbon County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3050).

AM

38-112

?NE 1/4 Sec. 2 0 , T.5 S. , R.28 E. , approximately 8 miles (12.8 km)
SW of C a s h e n ranch house and 1. 5 mile (2. 4 km) w e s t of Thor K.
Lande ranch on Push Creek, Big Horn County, Montana. See
Locality Map Q.
Horizon: Unit V, VI or VII.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3062).

AM

38-2

NW 1/4 Sec. 28 , T.4 S. , R. 29 E., 0.5 mile (0. 8 km) north of C a s h e n
ranch h o u s e , Big Horn County, Montana. See Locality Map U.
Horizon: unknown.
Specimen c o l l e c t e d : Sauropelta? (AMNH 3064).

AM

38-3

AM

38-4

13

14

T.4 S. , R.29 E. , Big Horn County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3061).
T.7 N. , R.16 E. , Wheatland County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (AMNH 3 063).

The precise location of this site is not known. Barnum Brown placed it "11 miles 0-7. 6 km)
e a s t of Bridger, Montana, near Red Dome. " No Cloverly exposures could be found in the
area 11 miles e a s t of Bridger, but extensive exposures do occur approximately 6 miles
(9. 6 km) SE of Bridger and in the immediate vicinity of Red Dome. C o n s e q u e n t l y , it is
presumed that locality AM 33-8 was in this area, probably c l o s e t o l o c a l i t i e s YPM 64-54,
6 4 - 5 7 , 6 4 - 5 8 , 6 4 - 7 4 , 64-75. See Locality Map L.
12
No precise location can be given for this site b e c a u s e R. T. Bird recorded i t s location
simply as 10 miles (16 km) SW of C a s h e n ' s ranch. However, the Cloverly formation is
completely covered west of the ridge end 1. 5 miles (2. 4 km) w e s t of Push C r e e k , making
it unlikely that the site was situated further to the west. Moreover, a handwritten n o t a tion by Brown on the back of a photograph i n d i c a t e s t h a t this locality w a s at the western
end of the outcrop in the area cited here and shown in Locality Map Q , in t h e vicinity of
AM 3 2 - 3 . No detailed field records are a v a i l a b l e to e s t a b l i s h t h i s , though.
13
A p r e c i s e location cannot be given for this locality. R. T. Bird described it a s "2 miles
(3. 2 km) East of C a s h e n ' s r a n c h " , which would place it somewhere along the e a s t side of
Horse Coulee near YPM 64-23 if d i s t a n c e s and bearings were recorded a c c u r a t e l y .
14
Field records of R. T. Bird indicate this locality w a s in Middle Dome, 12miles(19. 2 km)
s o u t h e a s t of Harlowton, Montana. This would place it somewhere in the southern part of
T.7 N. , R.16 E. , Wheatland County, Montana.
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AM

55-1?

T.4 S. , R.29 E. , Big Horn C o u n t y , Montana.
Horizon: unknown.
Specimen c o l l e c t e d : ?Ornithomimus s p . (AMNH uncatalogued).

AM

55-2?

T.4 S. , R.29 E. , Big Horn County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : ?Ornithomimus s p . (AMNH uncatalogued).

UNIVERSITY OF OKLAHOMA LOCALITIES
OU

40-1116

SE 1/4 Sec. 3 2 , T.4 S. , R.29 E. , 1.25 miles (2 km) SSW of C a s h e n
ranch h o u s e , 400 yards (366 m) w e s t of r o a d . Big Horn County,
Montana. See Locality Map U.
Horizon: Unit V.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (OU 11).

OU

40-1216

SE 1/4 Sec. 3 2 , T.4 S. , R.29 E. , 1.25 miles (2 km) SSW of C a s h e n
ranch house near OU 40-11 , Big Horn County, Montana. See
Locality Map U.
Horizon: Unit V.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (OU 12).

PRINCETON UNIVERSITY LOCALITIES
PU

48-117

T.6 N. , R.15 E. , or T.6 N. , R.16 E. , Wheatland County, Montana.
Horizon: unknown.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (PU 16338).

PU

49-118

NW 1/4 Sec. 3 4 , T.58 N. , R.95 W. , 1. 75 miles (2.8 km) SW of
Tillett Fish H a t c h e r y , Big Horn County, Wyoming. See Locality
Map H.
Horizon: Unit V, 35 to 40 feet (10. 6 to 12. 2 m) below Unit VI.
Specimens c o l l e c t e d : Ceratodus frazieri (YPM 52 76); Tenontosaurus
t i l l e t t i (PU 16514).

No precise location can be given f o r t h e s e s i t e s . Brown simply recorded it a s "Beauvais
C r e e k " , w h i c h , on the b a s i s of known distribution of C loverly e x p o s u r e s , would place
them somewhere between the junctions of Buster Creek and Horse Coulee with Beauvais
Creek in the general vicinity of the C a s h e n ranch.
1 fi

I am indebted to Dr. Wann Langston of the Texas Memorial Museum for providing the
location of t h e s e s i t e s .
17
No precise location can be given for this specimen (Pu 16338). Al Silberling indicated
it w a s c o l l e c t e d from the Cloverly Formation s o u t h e a s t of Harlowton, Montana. The only
e x t e n s i v e e x p o s u r e s known to t h e a u t h o r in that area a r e i n M i d d l e Dome, T.7 N . , R.16 E. ,
Wheatland County, Montana.
18
Mr. Lloyd Tillett of Lovell, Wyoming directed me to the s i t e at which Al Silberling c o l lected the Princeton specimen from Crooked Creek in 1950.
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YPM

62-4

NW 1/4 Sec. 1 2 , T.52 N. , R.92 W. , 4 miles (6. 4 km) WSW of Shell,
Big Horn County, Wyoming. See Locality Map D.
Horizon: Unit VII, 7 feet (2.1 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus ? (YPM 4882).

LOCALITY MAP D

YPM

62-5

SE 1/4 Sec. 3 , T.52 N. , R.92 W. , 5.5 miles (8.8 km) WSW of Shell,
Big Horn County, Wyoming. See Locality Map E.
Horizon: Unit VII, 15 feet (4. 5 m) above Unit VI.
Specimens c o l l e c t e d : C r o c o d i l i a ? (YPM 4883 , 4884).
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YPM

62-6

SW 1/4 Sec. 3 , T.52 N. , R.92 W. , 6 miles (9. 6 km) WSW of Shell,
Big Horn County, Wyoming. See Locality Map E.
Horizon: Unit V, 3 0 feet (9 m) below Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 4886, 4887;
Theropoda, Megalosauridae (YPM 4885).

YPM

62-10

SE 1/4 Sec. 26, T.53 N. , R.93 W. , Big Horn County, Wyoming, 0.8
mile (1. 2 km) WNW of junction of Bentonite Company road and
road to Kane, 4 miles (6. 4 km) NE of Greybull, Wyoming. See
Locality Map F.
Horizon: Unit VII, 5 to 8 feet (1. 5 to 2. 4 m) above Unit VI.
Specimens c o l l e c t e d : Sauropelta edwardsi (YPM 5 5 1 1 , 5512, 5513).
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LOCALITY MAP F

YPM

62-11

NE 1/4 Sec. 1, T.54 N. , R.95 W. , 2 . 5 miles (4 km) WSW of H i m e s ,
Big Horn County, Wyoming. See Locality Map G.
Horizon: Unit VII, 2 to 3 feet (0. 6 to 0. 9 m) below Unit VIII.
Specimens c o l l e c t e d : Glyptops ? per vie ax (YPM 4889, 4891);
Crocodilian tooth (YPM 4890); Sauropelta? (YPM 4892).

YPM

62-12

NE 1/4 Sec. 1, T.54 N. , R.95 W. , 2 . 5 miles (4 km) WSW of H i m e s ,
Big Horn County, Wyoming. See Locality Map G.
Horizon: Unit VII, 2 to 3 feet (0. 6 to 0. 9 m) below Unit VIII.
Specimen c o l l e c t e d : Glyptops ? (YPM 4893).

YPM

62-13

NE 1/4 Sec. 1, T. 54 N. , R.95 W. , 2. 5 miles (4 km) WSW of Himes,
Big Horn County, Wyoming. See Locality Map G.
Horizon: Unit VII, 2 to 3 feet (0. 6 to 0. 9 m) below Unit VIII.
Specimens c o l l e c t e d : Glyptops p e r v i c a x ? (YPM 4 8 9 4 , 5282);
Crocodilia (YPM 4 8 9 5 ) .
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LOCALITY MAP G

YPM

62-14

NW 1/4 SE 1/4 Sec. 2 8 , T. 58 N. , R.95 W. , 1.75 miles (3 km) WSW
of Tillett Fish Hatchery, Big Horn County, Wyoming. See Locality
Map H.
Horizon: Unit V, 20 feet (6 m) below Unit VI.
Specimens c o l l e c t e d : Sauropoda (YPM 5455); Deinonychus antirrhopus
(YPM 5275); Tenontosaurus t i l l e t t i (BB #1).

YPM

63-16

NW 1/4 Sec. 2 8 , T.58 N. , R.95 W. , 2 0 yards (18 m) SE of YPM
6 3 - 1 7 , Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VI, 1 to 3 feet (0. 3 to 0. 9 m) below Unit VII.
Specimens c o l l e c t e d : Crocodilia (YPM 5444, 5401); Ornithomimus s p .
YPM 5284); Theropoda (YPM 5369); Sauropoda (YPM 5452);
Sauropelta edwardsi (YPM 5 2 9 6 , 5 2 9 7 , 5 2 9 8 , 5402, 5 4 0 5 , 5408,
5409); Sauropelta? (YPM 5406).

YPM

63-17

NW 1/4 Sec. 2 8 , T.58 N. , R.95 W. , 20 yards (18 m) NW of YPM
6 3 - 1 6 , Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VII, 5 to 8 feet (1. 5 to 2. 4 m) above Unit VI.
Specimens c o l l e c t e d : Sauropelta edwardsi (YPM 4896, 4905).
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LOCALITY MAP H

YPM

63-18

NW 1/4 Sec. 28 , T.58 N. , R.95 W. , 20 yards (18 m) NW of YPM 6 3 17, Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VII, 2 to 8 feet (0. 6 to 2. 4 m) above Unit VI.
Specimens c o l l e c t e d : Crocodilia (YPM 5 3 4 3 , 5345, 5346, 5 3 4 8 ,
5357, 5358, 5439, 5172, 5 1 2 8 , 5129); Deinonychus antirrhopus
(YPM 5379, 5371); Ornithomimus s p . (YPM 5174); Theropoda (YPM
5378); Sauropoda (YPM 5449, 5 4 5 1 , 5347, 5 3 7 5 , 5419, 5152,5116);
Sauropoda? (YPM 5294); Sauropelta edwardsi (YPM 5 1 1 1 - 5 1 1 5 ,
5 1 1 8 - 5 1 2 2 , 5124, 5127, 5130, 5 1 3 1 , 5 1 3 3 , 5134, 5137, 5 1 3 8 ,
5 1 4 1 , 5149, 5 1 5 4 - 5 1 5 9 , 5 1 6 1 , 5 1 6 3 - 5 1 6 9 , 5 1 7 3 , 5 1 7 5 - 5 1 7 9 , 5 1 8 1 5 1 8 3 , 5192, 5200, 5295, 5 3 0 1 - 5 3 0 5 , 5307, 5 3 0 9 - 5 3 1 5 , 5 3 1 7 ,
5320-5327, 5 3 3 3 - 5 3 4 1 , 5 3 9 1 , 5 3 9 3 , 5 4 8 6 - 5 4 9 8 , 5528); Sauropelta?
(YPM 5125, 5136, 5140, 5150, 5 1 9 3 , 5 3 0 6 , 5 3 0 8 , 5 3 1 6 , 5 3 1 8 ,
5319, 5328, 5 3 3 0 - 5 3 3 2 , 5390, 5394, 5 3 9 5 , 5 4 8 5 , 5515).

YPM

63-19

NW 1/4 Sec. 28 , T.58 N. , R.95 W. , 30 yards (27 m) NW of YPM 6 3 18, Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VII, 0 to 8 feet (0 to 2. 4 m) above Unit VI.
Specimens c o l l e c t e d : Naomichelys s p e c i o s a (YPM 5385, 5432,
5433, 5434); Deinonychus (YPM 5 2 7 1 , 5 4 4 1 , 5274, 5356, 5376);
Crocodilia (YPM 5344, 5 3 5 3 , 5 3 5 4 , 5 3 5 5 , 5359, 5 3 6 1 , 5362,5363,
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5364, 5372, 5 3 8 1 , 5342, 5 4 4 0 , 5 4 4 7 , 5 4 4 5 , 5110, 5384); Theropoda (YPM 53 77, 5 4 0 8 , 5538); Microvenator c e t e r ? (YPM 5366);
Sauropoda (YPM 5 1 0 3 , 5 1 0 4 , 5107, 5147, 5 1 5 1 , 5450, 5349, 5360,
•5365, 5374); Tenontosaurus t l l l e t t i (YPM 5099); Sauropelta edwardsi
(YPM 5 0 6 9 - 5 0 7 2 , 5074, 5 0 7 5 , 5 0 7 9 - 5 0 8 4 , 5086, 5094, 5 0 9 5 , 5 0 9 8 ,
5 1 0 1 , 5102, 5 1 0 5 , 5106, 5 1 0 8 , 5 1 0 9 , 5 1 4 2 - 5 1 4 6 , 5 1 4 8 , 5149,
5184-5189, 5 1 9 1 , 5194, 5196, 5198, 5 3 5 0 - 5 3 5 2 , 5 3 6 7 , 5 3 6 8 ,
5389, 5442, 5448, 5 4 9 9 - 5 5 0 3 , 5 5 0 5 - 5 5 1 0 , 5516, 5525-5527,5529);
Sauropelta? (YPM 5 0 7 6 - 5 0 7 8 , 5085, 5150, 5190, 5504).
YPM

63-20

NW 1/4 Sec. 2 8 , T.58 N. , R.95 W . , 75 yards (69 m) NW of YPM 6 3 19, Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VII, 5 to 8 feet (1. 5 to 2. 4 m) above Unit VI.
Specimens c o l l e c t e d : Sauropelta edwardsi (YPM 5 5 1 1 , 5512, 5513).

YPM

63-22

NW 1/4 Sec. 28 , T.58 N. , R.95 W. , 210 yards (192 m) NW of YPM
6 3 - 2 0 , Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit V, 2 feet (0. 6 m) below Unit VI.
Specimen c o l l e c t e d : Sauropelta? (YPM 4897).

YPM

63-27

NW 1/4 Sec. 2 8 , T.58 N. , R.95 W . , 225 yards (199 m) NW of YPM
6 3 - 2 2 , Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VII, 3 feet (0. 9 m) above Unit VI.
Specimen c o l l e c t e d : Testudinidae ? (YPM 4900).

YPM

63-28

NW 1/4 Sec. 28 , T.58 N. , R.95 W. , 15 yards (13. 7 m) NW of YPM
6 3 - 2 7 , Big Horn County, Wyoming. See Locality Map H.
Horizon: Unit VII, 1 foot (0.3 m) above Unit VI.
Specimen c o l l e c t e d : T e s t u d i n a t a , family incertae s e d i s (YPM 4903).

YPM

63-32

NE 1/4 Sec. 29, T.58 N . , R.95 W. , 500 yards (455 m) due west —
"over the s c a r p " —of YPM 6 3 - 2 8 , Big Horn County, Wyoming.
See Locality Map H.
Horizon: Unit VI, 1 to 3 feet (0. 3 to 0. 9 m) below Unit VII.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 4904).

YPM

64-3

SE 1/4 Sec. 2 8 , T.4 S. , R.29 E. , 0. 75 mile (1.2 km) e a s t of C a s h e n
ranch h o u s e . Big Horn County, Montana. See Locality Map U.
Horizon: Unit VII, 4 to 6 feet (1. 2 to 1. 8 m) above Unit VI.
Specimens c o l l e c t e d : Theropoda (YPM 5397); Ornithomimus ? (YPM
5286); Sauropoda (YPM 5453); Crocodilia (YPM 5398).

YPM

64-13

NE 1/4 Sec. 3 2 , T.4
ranch h o u s e , Big
Horizon: Unit V, 18
Specimen collected:

YPM

64-16

SE 1/4 Sec. 32, T.4 S. , R.29 E. , 1. 25 mile (2 km) SSW of C a s h e n
ranch h o u s e . Big Horn County, Montana. See Locality Map U.
Horizon: Unit VII, 4 feet (1.2 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus? (YPM 5299).

YPM

64-17

SW 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 1.25 mile (2 km) SSW of C a s h e n
ranch h o u s e , Big Horn County, Montana. See Locality Map U.
Horizon: Unit VII, 11 feet (3.3 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5535).

S. , R.29 E. , 0. 6 mile (0.9 km) WSW of C a s h e n
Horn County, Montana. See Locality Map U.
feet (5.5 m) below Unit VI.
Tenontosaurus s p . (YPM 5410).
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YPM

64-18

SW 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 350 yards (320 m) e a s t of YPM
6 4 - 1 7 , 1 mile (1. 6 km) south of C a s h e n ranch h o u s e , Big Horn
County, Montana. See Localty Map U.
Horizon: Unit VII, 45 to 50 feet (13. 7 to 15 m) below Unit VIII.
Specimens c o l l e c t e d : Naomichelys s p e c i o s a (YPM 543 7); Crocodilia
(YPM 5412, 5 4 3 8 , 5 4 4 3 , 5414, 5415); Deinonychus antirrhopus
(YPM 5420); Sauropoda (YPM 5449); Tenontosaurus s p . (YPM 5 4 1 1 ,
5413, 5416).

YPM

64-19

SW 1/4 Sec. 3 3 , T.4 S. , R.29 E. , 150 yards (137 m) e a s t of YPM
6 4 - 1 8 , 1 mile (1. 6 km) south of C a s h e n ranch h o u s e , Big Horn
County, Montana. See Locality Map U.
Horizon: Unit VII, 45 to 50 feet (13. 7 to 15 m) below Unit VIII.
Specimens c o l l e c t e d : Tenontosaurus 'sp. (YPM 5421 , 5424).

YPM

64-20

SW 1/4 Sec. 3 6 , T.4 S. , R.29 E. , 3 miles (4.8 km) ESE of C a s h e n
ranch h o u s e , 700 yards (640m) NW of Point C r e e k , Big Horn
County, Montana. See Locality Map W.
Horizon: Unit VII, 7 feet (2.1 m) above Unit VI.
Specimens c o l l e c t e d : Tenontosaurus s p . (YPM 5 4 2 2 , 5 4 2 6 ) ; Sauropelta edwardsi (YPM 5 5 1 1 , 5512, 5513).

LOCALITY MAP W
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YPM

64-23

SW 1/4 Sec. 2 6 , T.4 S. , R.29 E. , 2 miles (3. 2 km) e a s t of C a s h e n
ranch house on Horse C o u l e e , Big Horn County, Montana. See
Locality Map V.
Horizon: Unit VI, 2 feet (0. 6 m) below Unit VII.
Specimens c o l l e c t e d : Crocodilia (YPM 5425); Tenontosaurus sp.
YPM 5428); Sauropelta edwardsi (YPM 5 3 0 0 , 5522).

YPM

64-24

NW 1/4 Sec. 3 5 , T.4 S. , R.29 E. , 3 00 yards (274 m) south of YPM
6 4 - 2 3 , 2 miles (3. 2 km) e a s t of C a s h e n ranch h o u s e , Big Horn
County, Montana. See Locality Map V.
Horizon: Unit VII, 8 feet (2.4 m) above Unit VI.
Specimen c o l l e c t e d : Sauropelta ? (YPM 5536).
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LOCALITY MAP V
YPM

64-25

NW 1/4 Sec. 3 5 , T.4 S. , R.29 E. , 200 yards (183 m) south of YPM
6 4 - 2 4 , Big Horn County, Montana. See Locality Map V.
Horizon: Unit VII, approximately 17 feet (5 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus ? (YPM 5534).

YPM

64-26

NW 1/4 Sec. 3 5 , T.4 S. , R.29 E. , 160 yards (146 m) SE of YPM 6425, Big Horn County, Montana. See Locality Map V.
Horizon: Unit VII, approximately 28 feet (8.5 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5459).
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YPM

64-27

SE 1/4 Sec. 3 5 , T.4 S. , R.29 E. , 300 yards (275 m) SE of YPM 64-26,
Big Horn County, Montana. See Locality Map V.
Horizon: Unit VII, 10 feet (3 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 5283);
Tenontosaurus t i l l e t t i (YPM 5 1 9 5 , 5417).

YPM

64-28

NE 1/4 Sec. 1, T.5 S. , R.29 E. , 500 yards (457 m) SE of Point Creek,
3. 75 miles (6 km) SE of C a s h e n ranch h o u s e , Big Horn County,
Montana. See Locality Map W.
Horizon: Unit VII.
Specimen c o l l e c t e d : Tenontosaurus? (YPM 5533).

YPM

64-29

NE 1/4 Sec. 1, T.5 S. , R.29 E. , 300 yards (274 m) SE of YPM 6 4 - 2 8 ,
Big Horn County, Montana. See Locality Map W.
Horizon: Unit VII.
Specimen c o l l e c t e d : Sauropelta edwardsi (YPM 5517).

LOCALITY MAP T
YPM

64-31

NE 1/4 Sec. 6, T.5 S. , R.29 E. , 2.25 miles (3.6 km) SW of C a s h e n
ranch h o u s e . Big Horn County, Montana. See Locality Map T.
Horizon: Unit VII, approximately 42 feet (12.8 m) above Unit VI.
Specimens c o l l e c t e d : Sauropelta edwardsi (YPM 5531); Dipnoi?
(YPM 553 7).
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YPM

64-33

SE 1/4 Sec. 6, T.5 S. , R.29 E. , 300 yards (275 m) SW of YPM 64-31,
Big Horn County, Montana. See Locality Map T.
Horizon: Unit VII, 40 to 45 feet (12 to 13. 5 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 5 2 8 1 , 5288).

YPM

64-36

SE 1/4 Sec. 12, T.5 S. , R.28 E. , 3. 75 miles (6 km) SW of C a s h e n
ranch h o u s e , 400 yards (366 m) NW of the junction of W e s t Buster
and Middle Buster C r e e k s , Big Horn County, Montana. See
Locality Map T.
Horizon: Unit VII, 1 foot (0.3 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i U e t t i (YPM 5460).

YPM

64-37

NW 1/4 Sec. 2 4 , T.5 S. , R.28 E. , 5.5 miles (8.8 km) SW of C a s h e n
ranch h o u s e , 600 yards (550 m) w e s t of W e s t Buster C r e e k , Big
Horn C o u n t y , Montana. See Locality Map S.
Horizon: Unit VII, 14 feet (4. 2 m) above Unit VI.
Specimens c o l l e c t e d : Tenontosaurus t i U e t t i (YPM 5456, 5457, 5483).

LOCALITY MAP S
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64-38

SE 1/4 Sec. 14, T.5 S. , R.28 E. , 1100 yards (0. 9 km) NW of YPM
64-37 on opposite side of m e s a , Big Horn County, Montana. See
Locality Map S.
Horizon: U n i t V ?
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5476).

YPM

64-39

NE 1/4 Sec. 2 2 , T.5 S. , R.28 E. , 700 yards (640m) e a s t of Thor
Lande r a n c h , on Push C r e e k , Big Horn County, Montana. See
Locality Map R.
Horizon: Unit VII, 16 feet (4.8 m) above Unit VI.
Specimens c o l l e c t e d : Sauropoda (YPM 5454); Tenontosaurus s p .
(YPM 5482); Naomichelys s p e c i o s a (YPM 5518).

LOCALITY MAP R

YPM

64-40

NW 1/4 Sec. 2 2 , T.5 S. , R.28 E. , 500 yards (450 m) e a s t of Thor
Lande ranch on Push C r e e k , Big Horn County, Montana. See
Locality Map R.
Horizon: Unit VII , 12 feet (3. 6 m) above Unit VI.
Specimen c o l l e c t e d : O s t e i c h t h y e s (Amioidei?) (YPM 5519).
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YPM

64-41

NW 1/4 Sec. 2 1 , T.5 S. , R.28 E. , 1 mile (1. 6 km) w e s t of Thor
Lande ranch on Push C r e e k , Big Horn County, Montana. See
Locality Map Q.
Horizon: Unit VII, 8 feet (2.4 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 5 2 7 2 , 5273);
Tenontosaurus t i l l e t t i (YPM 5458).

LOCALITY MAP Q

YPM

64-43

NE 1/4 Sec. 2 0 , T.5 S. , R.28 E. , 650 yards (595 m) w e s t of YPM
6 4 - 4 1 , Big Horn County, Montana. See Locality Map Q.
Horizon: Unit VII, 3 feet (0. 9 m) above Unit VI.
Specimens c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5 4 6 4 , 5477).

YPM

64-47

NE 1/4 Sec. 1 9 , T.8 S. , R.25 E. , 5.5 miles (8.8 km) NNW of
Warren, Carbon County, Montana. See Locality Map I.
Horizon: Unit VII, 52 feet (15. 8 m) below Unit VIII.
Specimens c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5463); Sauropelta
edwardsi (YPM 5521).
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SE 1/4 Sec. 1 2 , T.8 S. , R.24 E. , 7 miles (11.2 km) NNW of
W a r r e n , Carbon County, Montana. See LocaUty Map J.
Horizon: Unit VII.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5465).
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YPM

64-52

SE 1/4 Sec. 2 9 , T.7 S. , R.24 E. , 2 . 5 miles (4 km) SSE of Tom
Edwards ranch h o u s e , Carbon County, Montana. See Locality
Map K.
Horizon: Unit VII, 35 feet (10. 5 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 5287);
Tenontosaurus t i l l e t t i (YPM 5457).

YPM

64-53

NW 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1 mile (1. 6 km) NE of Tom
Edwards ranch house , Carbon County, Montana. See Locality
Map L.
Horizon: Unit VII, 27 feet (8. 2 m) below Unit VIII.
Specimen c o l l e c t e d : Deinonychus sp (YPM 5397).

LOCALITY MAP K

YPM

64-54

NW 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1 mile (1.6 km)NE of Tom
Edwards ranch and 60 yards (55 m) e a s t of YPM 6 4 - 5 3 , Carbon
County, Montana. See Locality Map L.
Horizon: Unit V, 8 feet (2. 4 m) below Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5469).

YPM

64-56

NE 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1.5 miles (2.4 km) NE of Tom
Edwards r a n c h , 260 yards (238 m) w e s t of YPM 6 4 - 5 4 , Carbon
County, Montana. See Locality Map L.
Horizon: Unit VII, 12 feet (3. 6 m) above Unit VI.
Specimen c o l l e c t e d : Naomichelys s p e c i o s a (YPM 5431).
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LOCALITY MAP L

YPM

64-57

NE 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1.5 miles (2.4 km) NE of Tom
Edwards r a n c h , Carbon C o u n t y , Montana. See Locality Map L.
Horizon: Unit VII, 4 feet (1.2 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5470).

YPM

64-58

NE 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1.5 miles (2.4 km) NE of Tom
Edwards ranch, on NW side of knob, Carbon County, Montana.
See Locality Map L.
Horizon: Unit VII, 4 feet (1.2 m) above Unit VI.
Specimens c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5471 , 5472).

YPM

64-59

NE 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1.5 miles (2.4 km) NE of Tom
Edwards ranch on e a s t side of k n o b . Carbon County, Montana.
See Locality Map L.
Horizon: Unit V, 12 feet (3.6 m) below Unit VI.
Specimen c o l l e c t e d : Theropoda (Megalosauridae) (YPM 5285).

YPM

64-61

SE 1/4 Sec. 5 , T.7 S. , R.24 E. , 2 . 2 5 miles (3.6 km) NE of Tom
Edwards ranch, Carbon County, Montana. See Locality Map L.
Horizon: Unit VII, 25 feet (7. 5 m) above Unit VI.
Specimen c o l l e c t e d : C r o c o d i l i a ? (YPM 5530).
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64-63

SE 1/4 Sec. 2 9 , T.6 S. , R.24 E. , 220 yards (200 m) north of YPM
6 4 - 6 4 , Carbon County, Montana. See Locality Map M.
Horizon: Unit VI, 7 feet (2. 1 m) below Unit VII.
Specimens c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5 4 6 8 , 5480);
Crocodilia (YPM 5293).

LOCALITY MAP M

YPM

64-64

SE 1/4 Sec. 2 9 , T. 6 S. , R.24 E. , 4 . 2 5 miles (6.8 km) NNE of Tom
Edwards r a n c h , 3. 75 miles (6 km) ESE of Bridger railroad s t a t i o n ,
Carbon County, Montana. See Locality Map M.
Horizon: Unit VII, 18 feet (5. 5 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 52 79);
Tenontosaurus t i l l e t t i (YPM 5 4 6 1 , 5523).

YPM

64-65

SW 1/4 Sec. 3 4 , T.5 S. , R.24 E. , 2 . 5 miles (4 km) NE of Bluewater
Creek Fish H a t c h e r y , Carbon County, Montana.
See Locality
Map O.
Horizon: Unit VII, 25 feet (7. 6 m) above Unit VI.
Specimen c o l l e c t e d : Deinonychus antirrhopus (YPM 5278).

LOCALITY MAP O

YPM

64-67

SE 1/4 Sec. 3 1 , T.5 S. , R.24 E. , 5 miles (8 km) NE of Bridger
railroad s t a t i o n , Carbon County, Montana. See Locality Map N.
Horizon: Unit VII.
Specimens c o l l e c t e d : Deinonychus ? (YPM 5289); Tenontosaurus
t i l l e t t i (YPM 5473); Sauropelta edwardsi (YPM 5520).

YPM

64-70

NE 1/4 Sec. 5 , T.6 S. , R.24 E. , 1. 25 miles (2 km) NNW of Bluewater Creek Fish Hatchery and 650 yards (600 m) NE of YPM 647 1 , Carbon County, Montana. See Locality Map N.
Horizon: Unit VII.
Specimen c o l l e c t e d : Crocodilia (YPM 5292).

YPM

64-71

NW 1/4 Sec. 5 , T.6 S. , R.24 E. , 4 . 5 miles (7.2 km) NE of Bridger
railroad s t a t i o n , 0.5 mile (0.8 km) north of Bluewater C r e e k ,
Carbon County, Montana. See Locality Map N.
Horizon: Unit VII, 9 feet (2.7 m) above Unit VI.
Specimens c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5 4 7 5 , 5481);
Crocodilia (YPM 5429).

231
YPM

64-72

SW 1/4 Sec. 5 , T.6 S. , R.24 E. , 0.25 mile (0.4 km) south of
YPM 5 4 - 7 1 , Carbon County, Montana. See Locality Map N.
Horizon: Unit VII, 5 feet (1.5 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 5280);
Tenontosaurus t i l l e t t i (YPM 5474).

LOCALITY MAP N

YPM

64-74

NE 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1.5 miles (2.4 km) NE of Tom
Edwards r a n c h , on north side of k n o b , Carbon County, Montana.
See Locality Map L.
Horizon: Unit VII, 14 feet (4. 2 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus ? (YPM 5291); Tenontosaurus
tilletti (YPM 5478).

YPM

64-75

NE 1/4 Sec. 1 7 , T.7 S. , R.24 E. , 1.5 miles (2.4 km) NE of Tom
Edwards ranch on north side of knob, Carbon C o u n t y , Montana.
See Locality Map L.
Horizon: Unit VII, 14 to 17 feet (4. 2 to 5. 1 m) above Unit VI.
Specimens c o l l e c t e d : Deinonychus antirrhopus (YPM 5201-5271);
Tenontosaurus t i l l e t t i (YPM 5466).
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65-1

SE 1/4 Sec. 8, T.7 S. , R.24 E. , 1.75 miles (2.8 km) NE of Tom
Edwards r a n c h , 200 yards (183 m) north of k n o b . Carbon County,
Montana. See Locality Map L.
Horizon: Unit VII, 25 feet (7. 6 m) above Unit VI.
Specimen c o l l e c t e d : Tenontosaurus t i l l e t t i (YPM 5462).

YPM

66-2

NW 1/4 Sec. 3 6 , T.44 N. , R.96 W. , 2 . 5 miles (4 km) NE of j u n c tion of State Highway 12 0 with Hamilton Dome r o a d , Hot Springs
County, Wyoming. See Locality Map A.
Horizon: Unit VII, 52 feet (15. 8 m) below Unit VIII.
Specimen c o l l e c t e d : Crocodilia (YPM 5436).

LOCALITY MAP A

YPM

66-3

NW 1/4 Sec. 1 7 , T.49 N. , R.89 W. , 2 miles (3. 2 km) SE of Hyattv i l l e , Big Horn County, Wyoming. See Locality Map B.
Horizon: Unit VII, at least 30 feet (9 m) below Unit VIII.
Specimens c o l l e c t e d : Glyptops p e r v i c a x ? (YPM 543 5);
Deinonychus ? (YPM 5290).
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LOCALITY MAP B

YPM

66-4

NW 1/4 S e c . 2 9 , T.49 N. , R.90 W. , 1 mile (1. 6 km) SE of bridge
over Paint Rock C r e e k , Big Horn C o u n t y , Wyoming. See Locality
Map C .
Horizon: Unit VII.
Specimen c o l l e c t e d : Tenontosaurus ? (YPM 5484).
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LOCALITY MAP C

PLATES

P L A T E 1A
Exposures of the upper part of the Morrison-Cloverly section (Units V, V I and V I I )
plus the lower sands (Unit V I I I ) of the Sykes Mountain Formation ("rusty beds")
approximately 0.5 mile (0.8 km) north of the type Cloverly section, west of Beaver
Creek, Big Horn County, Wyoming. Units V I and V I I equal Darton's original Cloverly Formation, Unit V the top of his Morrison Formation. T h e light-colored stratum
just beyond the distant figure is the fragmental tuff.

P L A T E IB
Cloverly, Sykes Mountain and Thermopolis Formations exposed 4 miles (6.4 km)
north of the type section of the Cloverly Formation. T h e hill is situated immediately
west of the North Fork of Beaver Creek in Big Horn County, Wyoming. T h e Sykes
Mountain Formation extends from the base of Unit V I I I to the dark gray zone above.
The base of the Cloverly Formation as defined in this report is concealed here, but
probably lies slightly above the level of the automobile in the left foreground. T h e
light-colored fragmental tuff is prominent just below Unit V I .

A
*»^.*%

B

;&•%.%"* '

m^,M.

P L A T E 2A
Exposures of the upper part (Units V, V I and V I I ) of the Morrison-Cloverly section
approximately 3 miles (4.8 km) north of the Cloverly type section, near the headwaters of East Branch of Bear Creek, Big Horn County, Wyoming. T h e thickness of
Units V I and V I I (Darton's Cloverly) is about 115 feet (35 m) here. T h e white tuff
is exposed in the foreground.

P L A T E 2B
Upper part of the Morrison-Cloverly section at outcrops 5 miles (8 km) north of the
Cloverly type section on East Branch of Bear Creek, Big Horn County, Wyoming.
Notice the local variation in thickness of the channel sand (Unit V I ) and the discordance between the base and the stratification of Unit V I I . T h e relief of the contact
between V I and V I I resulted from scouring and removal of material prior to deposition of the clay and silt of Unit V I I .

B

P L A T E 3A
T h e complete nonmarine Morrison-Cloverly section exposed in the prominent ridge
immediately south of Crystal Creek, 13 miles (20.8 km) due north of Greybull, Wyoming. T h e Sundance Formation is extensively exposed beneath Unit I at the base of
the bluff. Unit V I I I caps the ridge, but to the east and south 250 to 350 feet (76 to 106
m) of black, marine, Thermopolis Shale overlies Unit V I I I (black exposures in the
foreground). T h e Bighorn Mountains are in the distance.

P L A T E 3B
Same exposures as in 3A viewed from the opposite direction. This photograph was
found in Barnum Brown's files and was made available by E. H. Colbert of the American Museum. It is included here to show Brown's interpretation of this section. T h e
transitional sandstone (= Greybull sandstone) corresponds to the basal part of the
Sykes Mountain Formation ("rusty beds") of Moberly. T h e Cloverly and Lakota
(Units V I I and V I ) equal the Cloverly Formation as described by Darton at the
Cloverly Post Office site. T h e fragmental tuff is discernible below Brown's "Lakota"
sandstone. Unit I cannot be seen from this vantage point, but probably constitutes the
lowest part of the section labeled Morrison. Crystal Creek is in the foreground.

P L A T E 4A
Site of one of the Yale localities of the 1962 expedition in the Gloverly ridge immediately east of Crooked Creek, 10.5 miles (16.8 km) northeast of Lovell, Wyoming.
This was one of several sites in the upper part of Unit V, all of which produced fossil
vertebrate remains identical to those collected from Units V I and V I I . Notice the absence of the tuff within Unit V. T h e Bighorn Mountains are in the distance.

P L A T E 4B
T h e upper Cloverly cliffs east of Crooked Creek at the site of three Yale localities.
These exposures are approximately one mile (1.6 km) northwest of the site illustrated
in 4A. T h e three sites shown here and others nearby produced remains of sauropods, ornithopods and a primitive acanthopholid, chiefly from the lower part of Unit V I I . Section No. 20 was measured here and in adjacent exposures. (See Locality M a p H.)
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PLATE 5A
The site of several Yale quarries immediately north of Red Dome, 7.5 miles (12 km)
southeast of Bridger, Montana (see Locality Map L ) . The prominent quarry in the
center foreground (YPM 64-75) is the site of nearly all known remains of the unusual
theropod, Deinonychus. Section No. 23 was measured at the photographer's vantage
point.

PLATE 5B
The complete nonmarine section exposed near the junction of Buster and Beauvais
Creeks, Crow Indian Reservation, Montana. The grassy slope in the foreground is a
dip slope lying 20 feet (6.0 m) or less above the top of the Sundance Formation. Good
exposures of the Sundance occur just to the right of this photograph adjacent to the
stream in the foreground. The channel sand (Unit V I ) , which is marked but not
labeled here, is discontinuous. Section No. 27 was measured at these exposures. (See
Locality Map U.)
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PLATE 6A
Upper part of the Morrison-Cloverly section exposed 0.25 mile (0.4 km) east of the
exposures shown in Plate 5B, illustrating the variable thickness and discontinuous nature of Unit VI and the location of two American Museum sites. Photo by Barnum
Brown, made available by E. H. Colbert.

PLATE 6B
Aerial view of the Cashen ranch area, Crow Indian Reservation, Montana, approximately 30 miles (48 km) southeast of Billings. This photograph was published in
Natural History (vol. 48, 1941), but without identification of the localities marked.
Each of these sites was examined during the 1964 Yale expedition and precise stratigraphic levels recorded. All except AM 31-5 occur in Unit V. No record remains of
the collections (if any) that were made at the two doubtful sites at right center. The
collections from the other sites are recorded elsewhere in this report. Fragments of
belemnites and Gryphaea were collected in the depression in the center of the photograph (see page 46).
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PLATE 7A
The Morrison-Cloverly hogback immediately south of Cody, Wyoming. This is the
site of measured Section No. 1. The dashed line marks the approximate level of the
contact between the Sundance Formation and the overlying nonmarine strata. Units
VI and VII correspond to the Cloverly Formation as defined by Darton on the eastern
side of the Bighorn Basin. In this report the Cloverly Formation is extended to include
the underlying bentonitic claystone (Unit V ) , after Moberly (1960).

PLATE 7B
The inner cliffs of the north rim of Middle Dome near Harlowton, Montana. Recorded here is the site of Microvenator (Locality AMNH 33-1)'. The section exposed
here is difficult to correlate with exposures in the study area. The transition sandstone
(Brown's label) almost certainly corresponds at least in part with our Unit VIII. The
underlying claystone section presumably represents Units VII and V (there is no sign
of Unit V I ) . The section shown here probably is referable in its entirety to the Cloverly Formation, as that term is used in this report, the Morrison Formation being entirely concealed or absent. Photo by Barnum Brown, made available by E. H. Colbert.
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PLATE 8
Stereo photographs (enlarged 20X) of the surface texture of the indeterminate specimen (A) "Cretaceous' browni" (AMNH 8661) and the type specimen (B) of Ceratodus frazieri (YPM 5276). White dashes at right indicate mm.
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PLATE 9
A) Type tooth plate of Ceratodus frazieri ( Y P M 5276) ; B) type tooth plate of Ceratodus guentheri (YPM 205) ; C, D) mandibular and maxillary tooth plates (YPM
3201) referred to Ceratodus guentheri; E) type entoplastron of Naomichelys speciosa
( A M N H 6 1 3 6 ) ; F) right epiplastron of Naomichelys speciosa (YPM 5 3 5 8 ) ; G) left
humerus, distal end in external view, of indeterminate chelonian (YPM 4 9 0 3 ) ; H )
same in ventral view; I) proximal end of a right humerus (YPM 4900) of a testud i n i d ( ? ) , proximal view; J) same in dorsal view; K ) distal end of same humerus
(YPM 4900) in external view; L) same in ventral view. Scales indicate cm.

PLATE 10
A) "Goniopholis"-type tooth (YPM 4901); B) crushing-type crocodilian tooth
(YPM 5342) in crown view; C, D) two crocodilian caudal vertebrae (YPM 5172 and
5110) in lateral view; E, F and G) proximal phalanx, distal phalanx and ungual,
left pes digit II of Deinonychus antirrhopus (YPM 5205) in medial view; H, I and
J) intermediate phalanx, distal phalanx and ungual of left pes digit III of Deinonychus antirrhopus (YPM 5205) in medial view; K) maxillary tooth of Deinonychus
antirrhopus (YPM 5210); L) left manus and carpus of Deinonychus antirrhopus
(YPM 5206) in palmar view; M) same in medial view; N) indeterminate theropod
tooth (YPM 5377). Scales indicate cm.

P L A T E 11
A and B) Left metatarsal IV, type of Ornithomimus velox (YPM 542) in medial and
ventral views; G) left metatarsal I I , type of Ornithomimus velox (YPM 542) in medial
view; D and E) pes ungual, type of Ornithomimus velox (YPM 542) in dorsal and
medial views; F) left metatarsal IV, Ornithomimus sp. (YPM 5284) in medial view;
G) same in ventral view; H ) left metatarsal I I , Ornithomimus sp. ( Y P M 5174) in
medial view; I and J) pes ungual. Ornithomimus
sp. (YPM 5286) in dorsal and
medial views; K ) isolated theropod tooth (YPM 5366), possibly of Microvenator
celer; L and M ) cervical neural arch, type, Microvenator celer ( A M N H 3041) in
lateral and dorsal views; N) cervical centrum, type, Microvenator celer ( A M N H
3041) in lateral view. Scales indicate cm.
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P L A T E 12
A and B) Anterior dorsal neural arch, type, Microvenator celer ( A M N H 3041) in
lateral and dorsal views; C) mid-dorsal neural arch, type, Microvenator
celer
( A M N H 3041), in dorsal view; D and E) dorsal centrum, type, Microvenator celer
( A M N H 3041) in lateral and axial view; F) posterior dorsal neural arch, type,
Microvenator celer ( A M N H 3041) in later view; G and H ) left humerus, type of
Microvenator celer ( A M N H 3041) in lateral and anterior views; I and J) left ulna,
type of Microvenator
celer ( A M N H 3041) in lateral and anterior views; K )
pubes, type of Microvenator celer ( A M N H 3041) in anterior view; L) left radius,
type of Microvenator celer ( A M N H 3041) in lateral(?) view; M ) left pubis, type of
Microvenator celer ( A M N H 3041) in lateral view; N) left metacarpal I, type of
Microvenator « k r ' ( A M N H 3041) in internal view; O) second phalanx(?) digit I I
of left manus, type of Microvenator celer ( A M N H 3041), in internal view; P) manus
ungual, type of Microvenator celer ( A M N H 3041). Scales indicate cm.
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P L A T E 13
A and B) Left femur, type of Microvenator celer ( A M N H 3041) in external and anterior views; G) proximal end left fibula, type of Microvenator celer ( A M N H 3041)
in external view; D and E) left tibia, type of Microvenator celer ( A M N H 3041) in
anterior and external views; F) posterior dorsal vertebra of indeterminate sauropod
(YPM 5449) in lateral view; G) anterior dorsal vertebra of indeterminate sauropod
(YPM 5449) in posterior view. Scales indicate cm.
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P L A T E 14
A) Right humerus ( Y P M 5452) of indeterminate sauropod in anterior view; B) left
tibia (YPM 5450) of mdeterminate sauropod in posterior view; C) right femur
(YPM 5451) of indeterminate sauropod in posterior view; D) left ulna ( Y P M 5449)
of indeterminate sauropod in medial view; E) type tooth of Astrodon johnstoni (YPM
798) in longitudinal (left) and internal (right) views; F) tooth referred to Pleurocoelus nanus ( U S N M 6105) from the Arundel Formation, Md., in longitudinal (left)
and medial (right) views; G) Pleurocoelus-like tooth ( Y P M 5375) from the Cloverly
Formation in longitudinal (left) and medial (right) views; H ) Astrodon-like tooth
( Y P M 5374) from the Cloverly Formation in longitudinal (left) and medial (right)
views. Scales indicate cm.

PLATE 15
A and B) Probable sauropod cervical centrum (YPM 5294) in lateral and dorsal
views; C, D and E) indeterminate amioid dentary (left) (YPM 5519) in dorsal, medial and lateral views; F) Camptosaurus dispar dentary tooth (YPM 1877, type) in
medial view; G) Camptosaurus dispar maxillary tooth (YPM 1877, type) in lateral
view. Scales indicate cm.
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PLATE 16
A) Skull of Tenontosaurus tilletti (YPM 5456) in left lateral view; B) left mandible of
Tenontosaurus tilletti (YPM 5456); C and D) maxillary teeth of Tenontosaurus
tilletti (YPM 5456) in lateral view; E) right maxillary tooth of Tenontosaurus tilletti
(YPM 5456) in anterior view. Scales indicate cm.
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PLATE 17
Skull (A) of Tenontosaurus tilletti (YPM 5456) in right lateral view; B) right mandible of Tenontosaurus tilletti (YPM 5456); G) right dentary tooth of Tenontosaurus
tilletti (YPM 5456) in anterior view; D and E) worn and unworn dentary teeth of
Tenontosaurus tilletti (YPM 5456), in medial view. Scales indicate cm.

PLATE 18
A) Axis and odontoid of Tenontosaurus tilletti (YPM 5456) in lateral view; B) same
in posterior view; C) cervical vertebra of Tenontosaurus tilletti (YPM 5456) in
lateral view; D) same in posterior view; E) 5th dorsal vertebra of Tenontosaurus
tilletti (AMNH 3040) in lateral view; F) same in posterior view; G) 14th dorsal
vertebra of Tenontosaurus tilletti (AMNH 3040) in lateral view; H) same in posterior view; I) 5th caudal vertebra of Tenontosaurus tilletti (AMNH 3040) in lateral
view; J) same in posterior view; K) 12th caudal vertebra of Tenontosaurus tilletti
(AMNH 3040) in lateral view; L) same in posterior view; M) 32nd caudal vertebra
of Tenontosaurus tilletti (AMNH 3040) in lateral view; N) same in posterior view.
Scale indicate cm.
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P L A T E 19
A) Partial caudal series (Nos. 20 to 42) of Tenontosaurus tilletti ( A M N H 3034) with
ossified hypaxial and epaxial tendons in place; B) proximal half of same, enlarged to
show details of ossified tendons. (Photographs courtesy of American Museum of Natural History.) Scales indicate cm.

PLATE 20
A) Left pubis of Tenontosaurus tilletti (AMNH 3040) in lateral view; B) left ilium
of Tenontosaurus tilletti (AMNH 3040) in lateral view; C) right ischium of Tenontosaurus tilletti (AMNH 3040) in lateral view; D and E) right femur of Tenontosaurus
tilletti (PU 16338) in posterior and internal views. Scale indicates cm.

P L A T E 21
A) Left manus of Tenontosaurus tilletti ( O U 11) in dorsal view; B) left pes of
Tenontosaurus tilletti ( P U 16338) in dorsal view; C) mounted skeleton of Tenontosaurus tilletti ( A M N H 3034). Scales indicate cm.
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P L A T E 22
A) Right mandible oi Sauropelta edwardsi (YPM 5502) in external view; B) same in
medial view; C) same in dorsal view; D, E, and F) isolated teeth of Sauropelta
edwardsi (YPM 5526, 5525 and 5350) in transverse (labial or lingual?) above, and
longitudinal (anterior or posterior?) below; G) axis and odontoid of Sauropelta
edwardsi ( A M N H 3035) in lateral view; H ) same in posterior view; I) posterior cervical of Sauropelta edwardsi ( A M N H 3035) in lateral view; J) same in anterior view;
K ) a posterior dorsal vertebra (12th?) of Sauropelta edwardsi ( A M N H 3032, type)
in lateral view. Scales indicate cm.

PLATE 23
A) Posterior dorsal vertebra (12th?) of Sauropelta edwardsi
posterior view (same as Plate 22K) ; B) anterior caudal
edwardsi ( A M N H 3032, type) in lateral view; G) same in
caudal vertebra of Sauropelta edwardsi ( A M N H 3032, type)
in posterior view. Scales indicate cm.

( A M N H 3032, type) in
vertebra of Sauropelta
anterior view; D) distal
in lateral view; E) same

PLATE 24
A) Left scapulocoracoid of Sauropelta edwardsi (YPM 5179) in medial view; B)
same in lateral view; C and D) right humerus of Sauropelta edwardsi ( A M N H 3032,
type) in posterior and anterior views; E and F) left ulna of Sauropelta
edwardsi
( A M N H 3032, type) in posterior and internal views; G) left radius of Sauropelta
edwardsi ( A M N H 3032, type) in internal view. Scales indicate cm.

P L A T E 25
A) Left ischium of Sauropelta edwardsi ( A M N H 3032, type) in medial view; B)
same in external view; C) same in dorsal view; D) right pubis of Sauropelta edwardsi
(YPM 5141) in medial view; E) same in external view; F) same in dorsal view; G)
right ischium and pubis of Sauropelta edwardsi (YPM 5141) in articulation. Scales
indicate cm.

P L A T E 26
A and B) Right femur of Sauropelta edwardsi ( A M N H 3032, type) in posterior and
medial views; C and D) left tibia of Sauropelta edwardsi ( A M N H 3032, type) in
lateral and posterior views; E) right pes of Sauropelta edwardsi ( A M N H 3032, type)
in dorsal view. Scales indicate cm.
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P L A T E 27
A) Proximal half of left fibula(?) of Sauropelta edwardsi. ( A M N H 3032, type) in
medial(?) view; B through L) various types of dermal plates of Sauropelta
edwardsi,
ranging from flat or slightly convex (B, C and D ) , slightly peaked (E, dorsal and F
ventral views), moderately peaked ( G ) , narrow blades ( H ) , moderately keeled or
ridged (I and J ) , to sharply ridged (K, dorsal view and L, longitudinal view) ; M ) a
long cylindrical spine, presumably from the shoulder region. B, G, and D) = ( A M N H
3035) ; E and F) = (YPM 5 0 7 2 ) ; G and H ) = ( A M N H 3032, t y p e ) ; T and J) =
( A M N H 3032, t y p e ) ; K and L) — (YPM 5 0 8 2 ) ; M ) = A M N H 3032, type). Scales
indicate cm.
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Appendix A

Chart I
Published Sections:
Measured sections in the
Cloverly-Shell Creek Area
(See Figure 2 for locations.)

The following chart is a 1:1 reproduction of the original foldout version.
It is presented here in consecutive sections to fit this format and contains
all the data of the original.

© 1970 Peabody Museum of Natural History, Yale University. All rights reserved.
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Appendix A

Chart II
Published Sections:
Measured sections in the
Hyattville-Tensleep-Nowood Creek Area
(See Figure 2 for locations.)

The following chart is a 1:1 reproduction of the original foldout version.
It is presented here in consecutive sections to fit this format and contains
all the data of the original.
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VIII

55-

o

This
Report

24. Sandstone, gray-green,
very fine, thin-bedded,
ferruginous nodules.

VIII

23. Siltstone, tan, redbrown and lavender,
fine sand locally.

VII

22. Sandstone, gray,
medium to coarse and
conglomeratic, Otter
Creek Sandstone.

VI

O
H

H

<

<
Pi
O

Mirsky, 1962a

pi

31'

22. Slope with soil & grass
cover, probably siltstone.

VII

o

25'

PH

Pi

w
>
O

>
O
•J

o

•J

u

77'

oi

o
O

2

Pi

o

30'
VI

V

V

IV

IV

17'
5'

20. Sandstone, gray with
lavender tint, very fine.
19. Sandstone, olive-green,
fine to medium, soft.
18. Mudstone, dark-gray to
black, weathers pale green.
17. Mudstone, dark-gray,
III
silty, soft.
16. Mudstone, red-brown
with green, soft,
calcareous.
15. Siltstone, gray, soft.
14. Mudstone, red-brown, soft.

20'
10'
13'
11'

13. Sandstone,
12. Sandstone,
11. Sandstone,
10. Sandstone,

30'
25'

9. Slope.
8. Sandstone, soft, redbrown.
7. Sandstone, gray, fine.
6. Sandstone, gray, soft.
5. Mudstone, dark-gray
red-brown.
4. Sandstone, pale redbrown.
3. Mudstone, red-brown, soft.
2. Sandstone, gray, very fine.
1. Sandstone, white, fine
to medium, minor
glauconite.

2'
O
I—1
H
<

21. Sandstone, white, fine
to coarse, locally conglomeratic, sparkly,
includes white chert,
Otter Creek ss.

47'
16'
7'
10'

1'
6'
5'
14'
3'
3'
5'

pale gray-green.
gray, sparkly.
TT
pale gray-green.
red-brown, fine.

O
(—1
H

<
2
Pi
o
P-,
55
O
CO
t-H

Pi
Pi

o

4'
38'
4.5'
0.5'
62'
7'
11'
10'
4'
7'
6'
0.5'
1'
6'
23'

8'

j

21. Mudstone, dark-gray, silty.
20. Mudstone, gray-green, silt.
19. Mudstone, gray, rusty stain.
18. Siltstone, fine ss., gray.
17. Mudstone, dark-gray, silty.
16. Mudstone, red-brown, soft.
15. Slope.
Ill
14. Sandstone, pale-green, gray.
13. Sandstone, red-brown, green.
12. Mudstone, olive-green, silt.
11. Mudstone, red-brown, soft.
10. Limestone, gray.
9. Mudstone, dark-gray, soft.
8. Sandstone, gray, very
fine.
7. Sandstone, gray, fine,
soft.

6. Mudstone, red-brown,
soft.
0.5' 5. Sandstone, gray, fine.
4. Mudstone, dark-gray,
11'
soft.
3. Sandstone, gray to
4'
white.
2. Mudstone, olive-green.
2'
1. Sandstone, gray to
3'
white, very fine,
coalified wood.

II

<5>

< $ >
N O R T H BIG T R A I L S ,
WYOMING

4'

26. Sandstone, gray, fine,
thin bedded, rustybrown, tan and ferruginous stain.

Mirsky, 1962a
16'

VIII

<

19'

fe

!*
Pi

25. Sandstone, white to
gray, very fine, soft,
rusty and lavender
staining (sandy claystone?) .

<
a^
VII(?)

28'

ofn

><
H-l

Pi

13. Sandstone, gray, fine
to medium, thin-bedded,
sparkly brown and red
ferruginous stain.

VIII

12. Siltstone to silty mudstone gray with red
tint; sandstone gray,
fine, sparkly; mudstone
pale gray-green.

VII

11. Sandstone, white to
gray, fine to coarse and
conglomeratic, crossbedded, Otter Creek
Sandstone.

VI

>

>
O

o

J

hj

25'

24. Sandstone, white to
gray, fine to coarse and
conglomeratic, crossbedded, Otter Creek
Sandstone.

O

62'

VI

IV

IV

?.
0
h

<
S
Pi
O
'A
0
Pi

79'
12'
7'
22'
7'
6'
4'
7'

O

A

This
Report

£ O
H

'A

O
H

ORM

OTTER CREEK

This
Report

Mirsky, 1962a

23. Mudstone, pale graygreen.
22. Sandstone, gray, very
fine.
21. Mudstone, dark-gray,
silty.
20. Sandstone, gray, sparkly.
19. Sandstone, dark-gray.
18. Sandstone, gray, soft.
17. Sandstone, gray-green,
fine.
16. Sandstone, dark-gray,
very fine, soft.

£
O
2i—t
H

<

5'
17'

Pi

Ill

0
15'

o<z>
»S
Pi
O

21'

15. Sandstone, tan, very
fine to coarse, wellcemented.

4'
3'
5'
8'
4'
2'
8'
17'
25'
2'
7'
6'
4'
5'

14. Mudstone, gray, drab-green.
13. Sandstone, white, fine.
12. Sandstone, gray, olive-green.
11. Sandstone, gray, soft.
10. Sandstone, chocolate-brown.
9. Sandstone, tan, soft.
8. Sandstone, gray, very fine. I
7. Siltstone, dark-gray.
6. Mudstone, red-brown, green.
5. Mudstone, olive-green.
4. Sandstone, gray, soft.
3. Mudstone, gray and green.
2. Sandstone, gray, soft.
1. Sandstone, glauconitic.

II(?)

16'

10. Sandstone, gray fine,
laminated, with limonite stain.
9. Sandstone, dark graygreen and rusty-brown,
fine, soft.
8. Sandstone, pale redbrown, medium to
coarse.
7. Mudstone, gray-green,
silty and soft.

Ill

12'
60'

6. Sandstone, gray, cross-beds.
5. Sandstone, dark graygreen and brown-green, I I ( ? )
very fine.

58'
10'

4. Slope.
3. Sandstone, dark graygreen, very fine, soft.
2. Sandstone, white, fine,
thin-bedded.
1. Mudstone, red-brown
and dark gray-green;
includes gray, fine,
sparkly ss.

1'
16'

0

SPRING C R E E K
Mirsky, 1962a
8'

12. Sandstone, gray,
coarse, heavy limonite
staining, ripples.

TENSLEEP, W Y O M I N G
This
Report

Mirsky, 1962a
10'

VIII

30'

55O

55 •
O

I—I

I—I

<

H

<

H

s
O

fa

14'

><

11. Slope, fragments of
siltstone, fine sandstone
and some black shale.

55
O

H

<

m

VII

VI

15. Sandstone, white to
gray, fine, thickbedded, cross-bedded.
Includes —
(see Unit I V below)

VI(?)

IV

conglomerate lenses in
lower half. (part of
# 1 5 above)

I V (? )

§
>

o
92'

12'
21'
25'
11'

o

1'

o

3'
4'

o

121'
53'

1/1

v

W

ei

fa
55

21'

18. Sandstone, white, fine,
sparkly, rippled.
17. Sandstone, gray, fine,
sparkly, with shale.

16. Mudstone, gray-green
with red-brown, silty,
slope.

VII

w
>
O
J

o

Pi
O
fa

This
Report

10. Sandstone, white to
gray, fine to coarse,
cross-bedded, lower 10'
conglomeratic. Otter
Creek Sandstone.

62'

9. Mudstone, dark-gray, black.
8. Slope.
7. Mudstone, dark graygreen.
6. Sandstone, olive-green,
brown.
5. Sandstone, gray,
fine,
III
sparkly.
4. Sandstone, drab green, fine.
3. Sandstone, gray,
medium, fine.
2. Siltstone, olive-green.
1. Mudstone, olive-green, silty.

3'
2'

ei

o

fa
55
O
oo

o

10'
9'
36'
_1_4'
3'

II
45'

14. Siltstone, dark olivegreen, well-cemented,
massive.
13. Sandstone, gray, very
fine, sparkly, ferruginous nodules.
12. Mudstone, dark-gray,
I I I (?)
soft.
11. Mudstone, black,
lignitic.
10. Sandstone, gray-green,
very fine, bentonitic, selenite.
9. Sandstone, gray-green, fine.
8. Sandstone, gray, fine,
cross-beds, ferruginous
nodules.

II(?)

7. Mudstone, dark gray-green
and red-brown, very silty.
41'
6. Sandstone, gray, medium,
poorly cemented, sparkly.
3'
5. Sandstone, gray to tan,
fine, well-cemented.
14.5' 4. Mudstone, dark graygreen, soft.
0.5' 3. Sandstone, gray, very
fine, sparkly.
21'
2. Sandstone, dark graygreen with red-brown,
very fine.
27'
1. Sandstone, dark gray-green.
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Thermopolis Area
(See Figure 2 for locations.)

The following chart is a 1:1 reproduction of the original foldout version.
It is presented here in consecutive sections to fit this format and contains
all the data of the original.

© 1970 Peabody Museum of Natural History, Yale University. All rights reserved.
Facsimile edition © 2005 Peabody Museum of Natural History, Yale University. All rights reserved.
http://www.peabody.yale.edu

2 MILES N O R T H W E S T OF
THERMOPOLIS, WYOMING

3.5 MILES N O R T H OF THERMOPOLIS,
WYOMING
This
Fisher, 1908
Report
9'
9'
5'

Gray massive ss.,
weathers tan.
Blue, drab shale.
Thin-bedded sandstone.

1927

VIII

This
Report

60'

Rusty-brown, ripplemarked ss.

VIII

82'

Variegated deep red
shale.

VII

42'

Conglomeratic
sandstone.

VI

o
H

<
40'

Variegated shale.

VII

O

><

1-1

>
O
i-l

38'

Light-colored conglomeratic,massive
sandstone.

o
VI

55 •
O

MORRISON FORMATION
(Not recorded)

H

<

o
V

><
>-l
Pi

w
>

o
.J
u

IV

IV

£
O
H

<

S
Greenish-brown shale.

Ill

Pi

[ORRISON FO

59'

III

A
130'

o
<
Pi

O
In

z
o
1/3
I—I

ui
Pi
O

Yellow-gray massive
sandstone.
MORRISON FORMATION
(Undescribed)

II

II

4.5 MILES N O R T H E A S T O F
THERMOPOLIS, WYOMING

3.5 MILES N O R T H O F
THERMOPOLIS, WYOMING
Lee, 1927

Lee, 1927

This
Report

(Not described)

Thin-bedded sandstone
and variegated shale.

VIII

Red and bluish sandy
shale.

VII

Conglomeratic sandstone.

VI

"Sandstone"

VIII

(RMATION

53'

This
Report

VII

RMATION
90'

75'
4'

Conglomeratic sandstone.
White, shaley sandstone.

VI

20'

Carbonaceous shale,
lignitic.

25'

Dark-brown chert
pebble conglomerate.

IV

Variegated shale.

Ill

CLOVERL1

U

(Not described)
"Variegated shale"

CLOVERL'

55'

Conglomeratic sandstone.

IV

Variegated shale.

Ill

2
O
H

O

<

<

O

V(?)

275'

Massive light-colored
sandstone.

II

O

O

O'

2

3

o

O

&

I

II

I

4 MILES N O R T H OF
THERMOPOLIS, WYOMING

10 MILES EAST O F
THERMOPOLIS, WYOMING
Lee, 1927

This
report

(Not recorded)

VIII

(Not recorded)

VII

Love, et at, 1945
3'

This
Report

Lowest sandstone of Rusty
Beds.

vTTI

18'

Variegated claystone.

VII

25'

Gray conglomeratic
sandstone.

VI

50'

Variegated claystone.

V

38'

Gray conglomeratic sandstone (sparkly quartz
sandstone).

IV

Light-green siltstone and
sandstone.

Ill

Gray sandstone.

II

O
H

<
«

O
n<
><
w
>
O

O
I—I

H

<

i-i

O "
25'

Sandstone, conglomeratic.

VI

Pi
O

Pi

>
10'
1.3'
0.5'
1.0'
2.7'

—

Fine-grained white sandstone, light-colored
shale.
Carbonaceous clay.
Coal, impure.
Carbonaceous shale with
coal.
Coal, impure.
Dark shale.

O

o
V(?)

IV

Variegated shale.

100'

Ill

o

o

I—I

H

<

<

s —

Pi

O

II

g

o

o

•—1

«;

2

o

o
2

»j

I

150'

I
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^7

S O U T H OF CODY,
WYOMING
Fisher, 1906
?'

S O U T H O F CLARK F O R K CANYON
This
Fisher, 1906
Report

This
Report

Sandstone.

VIII

(Not recorded.)

VIII

Highly colored clay.

VII

(Not recorded.)

VII

Z

o
<

H

VI

(*•
w
>

o
I—(

o

H

•J

VI

•J

Z

<
o

O

hJ

o
?'
?'

"Middle band of dark
shale".
Highly colored clay.

V

>
O
•J

o

50'

Coarse-grained, pebbly ss.

IV

IV

III

III

II

1 — 1

z
o

80'

Massive, greenish-gray
sandstone.

60'

Greenish clay.

Z
O
•

H

<

H

<

O
PH

o

(Not recorded.)

z
o

1'
O

2
o

O

2

Dark-gray limestone.

II

•J

o

S H O S H O N E CANYON A T CODY,
WYOMING
This
Report
Hewett, 1914
Sandstone, buff, indurated,
60'
ripple-marked and thin+
bedded.
VIII
25'
Shale, gray and sandy.
25'
Sandstone, buff, massive.

50'
6'
12'
4'
10'

50'
6'
44'

Shale, maroon and gray,
sandy.
Sandstone, buff.
Shale, gray, sandy.
Sandstone, buff.
Shale, gray, sandy.

VII

Sandstone, buff, crossbedded.

VI

2 M I L E S S O U T H O F CODY,
WYOMING
Lee, 1927
Mrj H 0 ' + Rusty-brown, ripple^ m
marked sandstone and
H >*
thin beds of shale.

"Colored material" prevailingly maroon with
dinosaur bones, stomach
stones and petrified
wood.

This
Report

+

VIII

yiT
,»„,,
^ '

VI

2
O
H

Clay, gray, sandy.
Sandstone, buff, finegrained, ripple-marked.
Clay, dark-brown to black,
saurian vertebrae, limb
bones and gastroliths.

<
Pi
O

O

•J

1—(

w
>.
O

Pi

<
Pi

j

O

IV

u

IV

O

3
o
263'

III

50'

Sand, gray, argillaceous.

III

Light-colored, massive,
cross-bedded, locally
conglomeratic sandstone.

II

o
<
55'
25'
100'

Clay, maroon, sandy.
Sandstone, white,
homogeneous.
Clay, gray and olive, but
with three maroon
bands, sandy.

O

•z
o
I—I

o

240'

Variegated beds.

II

^7

S H O S H O N E CANYON
Johnson, 1934
110'

Buff sandstone, thinbedded to massive.

WEST L I M B , H O R S E C E N T E R
ANTICLINE

This

This
Report

Pierce and Andrews, 1940

+

Report

85'

Sandstone, tan, thinbedded, shale, sandy.

VIII

36'
27'

Shale, red and gray.
Sandstone, rusty tan and
gray, thin-bedded shale,
gray with coal.
Shale, gray and red.

VII

Sandstone, tan, rusty,
cross-bedded.
Conglomerate.

VI

Shale, variegated, massive,
purple, red and gray,
nodular siliceous
limestone.
Sandstone, coarse;
conglomerate.
Shale, gray and red.

V

VIII
•7

o
H-(

H

7

Varicolored clays with
many sandstone lenses.

VII

LOVERLY FOl

<

25'

o
33

VI

T

o

17'

33

2'

h—1

H

•

<
S

fA
O

70'
31

LOVE

Qi

33

V

T

24'
68'

o
<
Z

o
3—1

33

33

IV

T

H

25
O
H

<
2

h—1

<

O
PH

ISO

£

<*

IV

T

33

33

III

o

s<*
O
fa
£
O

III

MORRI

in

s

85'
440'

33

3)

II

77'
47'
180'

Green sandy shale.
17'

Sandstone, light gray to
tan, massive and thinbedded, cross-bedded.

Shale, red, gray and light
gray, sandy.
Shale, gray and light gray,
with sandstone.
Sandstone, shaly, tan to
buff, shale green with 2"
coal.

II

>!
•J .
5* i§
jfe
es

EAST LIMB, HORSE CENTER
ANTICLINE*
This
Pierce and Andrews, 1940
Report
(See note below)*
8'
Sandstone, buff, ledgeformer.
VIII
2'
Sandstone, gray, alternating with gray sandy sh.

(Not recorded.)

VII

VI

O
H

<

O

IV

oI/!
I—H

d
O
III

II

* (Pierce and Andrews
listed an additional 14
sandstone and shale
units overlying these
two sandstones and
included them in their
CLOVERLY
FORMATION.)
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GYPSUM CREEK

GYPSUM CREEK
Fisher, 1908

15'

This
Report

Sandstone, rust-colored,
alternating with dark
shales.

VIII

Shale, dark purplish.

VII

2
O
I—I
H

VIII

15'

Dark purplish shale.

VII

70'

Massive gray sandstone.

VI

Bright, variegated clays
and soft sandstones with
concretions of limestone
and chert.

V

Massive sandstone with
shale partings and a
thin coal seam.

IV

Pi

70'

Sandstone, gray, massive,
with chert pebbles.

VI

o
fa

>

>
&
w

Pi

w

>
o

(Not recorded)

<

fa

O

This
Report

o

5

o

1909

z

<
oi

Washbu

25'
70'
12'
2'
23'

40'
50'

Concealed (shale?).
Shale, bluish with limestone concretions containing chert.
Shale, deep maroon.
Sandstone, pure white.
Shale, red, sandy with
gypsum.

>
o
o
V

Sandstone, thin-bedded
with chert pebbles.
T-^
Sandstone, strong, hard, bluegray, weathers pink and brown.

100
to
150'

40
to
50'

MORRISON FORMATION
(Not recorded)

MORRISON FORMATION
(Not recorded)

III

III

z

Z
O

O
I—I

H

<
Pi
O
fa

II

z

o
fa

II

z

o
2

o
2
<x
o

o
i

i

4 MILES N O R T H OF KANE,
WYOMING

BETWEEN C R O O K E D AND GYPSUM
CREEKS
This
Moberly, 1960
Report:
15'
Thinly interbedded brown
siltstone, quartz arenites and gray shale
VIII
(lowest strata of 136'
total).

This
Report

Lee, 1927
75'

Greybull sandstone.

VIII

—
4-

Red sandy shale.

VII

135'

Variegated claystone

VII

(Not recorded)

VI

2
O

•z

o
I—I

H

o

VI

fa

<

;*

Pi

w
>

>

O

fa

O

w
>

o

o
>-l

V

150'

50'

o

V

Coarse-grained massive
sandstone, cross-bedded.

IV

IV

Variegated shale.

Ill

III

z
o

O
H

I—I

H

<

<

O

II

fa

o
fa

o-

o

O

o
290'

(?)

II
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55'
to
110'

Sandstone, brown to gray.
VIII

Mudstone, maroon and
white with green and
purple shale and lenses
of yellow and white
sandstone.

RED D O M E

GRYBUL. SS.

DAK. SS.

"NEAR BRIDGER, M O N T A N A "
This
Bauer and Robinson, 1923
Report

Lee, 1927
12'
to
45'

This
Report

Siandstone.

VIII

Shaly beds, highly colored.

VII

VII

Z

o
<

—

VI

<

o

O

>

>

oi
w

Oi

•J

w

>

>

O

O

•J

Q

VI

313'

10'

Black and white chert
pebble conglomerate.

V

o 200'

IV

10'
to
45'

V

Hard, black, chert pebble
conglomerate.

IV

MORRISON FORMATION
(Not described)
50'
129'

Sandstone, buff, finegrained and soft.
Shale, buff, yellow and
pink.

III

III(?)

o

O

<
a!
O

Pi

110'

Sandstone, yellow to tan.

I I ( ?)

O

II

O'

O
c/3

ai

2

O

o
I

I

N O R T H E R N CARBON C O U N T Y ,
MONTANA
This
Knappen and Moulton, 1930
Report
60'

—

•

I

Rusty thin-bedded sandstone and sandy shale,

Bright, variegated clay,
volcanic ash and shale.

NEAR BOWLER,
MONTANA
Wilson, 1936

+

70'

This
Report

VIII

Thinly bedded brown
sandstone.

VIII

VII

Varicolored clays.

VII

z
o

£

o
H
<
2

E-i

<
S
Pi

pi

o

O

>
J
at

VI

t*

VI

&-C

-

>
.-I
Pi

W

W

>
0

>

o• J
u

•J

o
180'

FORM ATION

4

IV

Brown and yellow sandstone with abundant
black chert pebbles.

IV
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Chart VII
Published Sections:
Measured sections in the
Pryor-Beauvais Creek Area
(See Figure 2 for locations.)
(See Figure 2 for locations.)
t = General section, no specific locality given.
f t = Section located outside of study area.
The following chart is a 1:1 reproduction of the original foldout version.
It is presented here in consecutive sections to fit this format and contains
all the data of the original.
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Outcrop Map of the
Cloverly Formation Bighorn Basin
Wyoming - Montana
[Figure 2, Map]
The following map is a 1:1 reproduction of the original foldout version.
It is presented here in consecutive sections to fit this format (see legend below)
and contains all the data of the original.
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Appendix B

Stratigraphy of the
Morrison-Cloverly Formations,
Bighorn Basin Area,
Wyoming and Montana
[Figure 4, Chart]

The following chart has been reproduced from the original foldout version. It is
presented here slightly reduced and in consecutive sections to fit this format. All
original data has been reproduced as it was presented in the original.
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